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ATOMIC 
FLAGPOLE 


Inside this 10-foot stainless steel 
“flagpole” is the mechanism for con- 
trolling the nuclear reaction in an 
atomic power plant now being de- 
signed and built by Westinghouse for 
a public utility in Belgium. Twelve of 
these control-rod drive mechanisms 
will be installed in the reactor. Each 
mechanism will house a control rod 
that can be raised or lowered. 

The operating portion of the mech- 
anism is in the form of a stack of mag- 
netic coils, a portion of which can be 
seen here extending half-way up the 
unit. When operated in a prescribed 
sequence, these coils lift or lower the 
control rod through a series of steps 
until the rod either is withdrawn or 
inserted the required amount. The 
mechanism has an outside diameter of 
7% inches, is capable of lifting a con- 
trol rod weighing 180 pounds, and its 
total weight is approximately 600 
pounds. All moving parts are encased 
in corrosion-resistant jackets. 

The Belgian reactor is being de- 
signed for a 11 500-kw atomic power 
plant being built by the Centre d’ 
Etude de |’Energie Nucleaire for in- 
stallation at Mol, Belgium. 
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Selection of a suitable adjustable-speed drive can be sim- 
plified considerably by comparing the inherent characteristics 
of the drives to the load requirements. Load requirements 
can be divided into three categories: constant torque, con- 
stant horsepower, and variable torque. Available adjustable- 
speed drive systems have inherent capabilities of either 
constant torque or constant horsepower. 

Drive selection on the basis of matching the natural charac- 
teristics of the drive to the natural load characteristics 
achieves maximum use of materials, so that the drive for a 
given machine is adequate for the load demands, but not 
over-sized. Correct selection results in minimized initial cost 
and reduced operating cost. 

Factors to be considered in the selection of the most suit- 
abie adjustable-speed drive for a given application include: 




















1. Functional requirements 
a. Suitability of characteristics 
b. Speed range 
c. Single or multi-motor operation 
d. Acceleration and deceleration rates and requirements 
e. Drive accuracy (regulator needed?) 
2. First cost (installed) 
3. Availability 
4. Reliability and continuity of service 
5. Operating efficiency 
6. Size 
7. Maintenance requirements 
















The relative importance of each of these factors varies. 
For example, on a rush project availability can be the most 
important requirement. If a slow and uniform accelerating 
rate is needed, certain drives can be eliminated. If the ma- 
chine requires two input shafts, then certain other drives can 
be eliminated. When all requirements are considered, the most 
suitable drive can be selected. 







types of loads 


Matching the drive to the load begins with analysis of 
the load. Load characteristics can be divided into the cate- 
gories of constant torque, constant horsepower, and variable 
torque, with special consideration given to duty-cycle re- 
quirements, which could involve any one or more of these 
three basic characteristics. 

Constant-Torque Loads—Torque is a turning effort. This 
effort can be exerted at rest or in motion. English units for 
torque are pound-feet or for small drives, ounce-inches. Note 
that the dimensions of motion are not included in the units. 

Constant-torque loads result from overcoming friction or 
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exerting tension, and remain practically constant regardless 
of the speed of the operation. Examples of constant-torque 
loads created by friction are: conveyors, gear-type pumps, 
textile ranges, printing machines, corrugators, slitters, calen- 
ders, tin lines, pickling lines, and load lifting. 

A pair of rolls that is pressed together to squeeze water 
out of paper is an example of a constant-torque load. Friction 
is created at the bearings and at the roll nip, and the torque 
required to turn the rolls is directly proportional to the 
pressure applied to force the rolls together. For any given 
pressure, approximately the same pound-feet of turning effort 
are required, regardless of operating speed. 

Tension-exerting drives also have constant-torque require- 
ments. The term “tension exerting” is used since some means 
of providing back tension must be present to create a con- 
stant tension in the material being processed; either a mechan- 
ical device such as a brake or an electric device can be used. 
Tension may be required to stretch a product or to create a 
tight or uniform wrap, as in the case of material being wound 
on a core. Note that the back-tension device creates a con- 
stant-torque load only for a particular diameter of the roll. 
This will be discussed under Constant-Horsepower Loads. 

The turning effort required by a crane or hoist to lift a 
given load is obviously constant-torque in nature, with the 
load exerted on a winding drum of fixed diameter. 

Engineers find that consideration of load requirements 
in terms of torque is the best approach, since the use of horse- 
power terms involves speed, and calculation errors are more 
apt to be introduced. 

Constant-Horsepower Loads—Horsepower is defined as a 
rate of doing work (or exerting torque) and is numerically 
equal, by definition, to 550 foot-pounds per second. The 
common relationship of P (hp)=7N/5250, is derived from 
the fundamentals of mechanics formula: P,=7w, where P, 
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is the rate of doing work (ft-lb/sec), T is the torque (lb-ft) 
and w is the angular velocity (radian/sec). Since w= 24N /60= 
revolutions per minute, 





T (lb-ft) 2xN (rpm) 
P(hp)= 60 (sec/min) X 550 (ft-lb/sec) 
TN 
P(hp) = 5559 


The core-type reel is an example of a load requiring a 
constant-horsepower drive; because both the linear speed of 
the material being wound and the desired tension in the ma- 
terial are constant, the horsepower required must be constant, 
since by definition: hp = 33 000 ft-Ib/min. Assuming a process 
having a linear speed of 1000 ft/min and a material requiring 
a tension of 60 pounds, the horsepower required is: 


bh _ 1000 (ft/min) X 60 (Ibs) 
P=" 33 000 (ft-Ib/min) 


hp= 1.82 hp 





Material entering or leaving a process at constant speed can 
be held at constant tension using core-type reels, on which 
the reel diameter is constantly changing. Considering the 
windup, as the reel diameter increases, the drive motor must 
not only slow down but must also develop increasing torque. 
For example: 


Strip Speed 1000 ft/min 

Core Diameter 1 ft 

Full Reel Diameter 4 ft 

Desired Tension 60 lbs total 
T, =60X 4%=30 lb-ft 


T;=60X 2= 120 lb-ft 


1000 
N,=—— =320 rpm 
T 
erent 
2= ie = rpm 
TiN, 30320 
Pi= 59507 5250 ~ 1-82 bP 
T2N2 12080 
wai a —= 1.82 hp 


75250 5250 
Torque requirements vary as the reel diameter changes, 
but the horsepower requirements remain the same. 




















Constant-horsepower loads demand high torque at low 
speeds and low torque at high speeds. The lathe is a good 
illustration. Assume that a given size of chip is to be removed 
at constant cutting speed at several radii on a work piece. 
The torque required at a 1-inch radius will be only one- 
fourth of that at a 4-inch radius. If the cutting speed is con- 
stant, a constant-horsepower load is created. 

Tandem rolling-mill drive motors are rated at constant 
horsepower over a speed range. This allows reduction of a 
variety of materials having different metallurgical charac- 
teristics. On such an application, the drive is operated at 
constant torque for any given material by setting each motor 
shunt field strength at a predetermined value before operation 
is begun. 

Variable-Torque Loads—Variable-torque loads are created 
by blowers, fans, agitators, and centrifugal pumps, which re- 
quire a much lower torque at low speeds than at high speeds. 
In general, the torque required in such centrifugal devices 
varies approximately as the square of the operating speed, 
while the volume of gas or liquid displaced at constant pressure 
varies as the cube of the speed. 

Duty-Cycle Loads—On many processing machines, the cycle 
of operation is such that the selection of motor size can be 
made to minimize the motor rating. Drives for cranes and 
hoists always take advantage of duty cycles. Other duty- 
cycle applications include log carriages, punch presses, trac- 
tion drives, sugar centrifugals, elevators, and numerous 
others. When the operating cycle is such that the idle or 
reduced-load time is 25 percent or more of the elapsed time, 
a duty-cycle consideration is warranted. There are several 
types of duty cycles, such as: 

1, Start—Run—Stop—lIdle 

2. Start—Run—Reverse—Run—Stop—Idle 

3. Run—Plug Reverse—Run 

4. Run Continuously Varying Load 

Any motor for a duty-cycle application must have adequate 
torque to meet the peak load requirements, and adequate 
thermal capacity to carry the load continuously. A flywheel 
can be used to reduce the peak load requirements. 

The most common method of calculating the thermal load- 
ing of a duty cycle is the root-mean-square method, com- 
monly referred to as the rms method. Since heating in many 
electric motors* is proportional to the load squared, (P= /*R), 
the load factor (horsepower, torque, or current) for each 
part of the duty cycle is squared and multiplied by the cor- 





*A notable exception is the squirrel cage motor during acceleration and 
plugging. 
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responding time required to perform each part of the imposed 
duty cycle. The sum of these products is representative of the 
severity of the motor loading for a given duty cycle. This 
sum is divided by the effective elapsed time for the entire 
cycle and then the square root of the final quantity is ex- 
tracted. Effective elapsed time must be used since cooling is 
related to the operating speed of the motor or related to the 
external cooling means. 


types of drives 


Since the first cost of an adjustable-speed drive is consid- 
erably greater than that of a constant-speed drive of com- 
parable capacity, more thought is usually given to the 
selection of these drives to be sure that the drive is adequate 
and yet not oversized. All drives considered have a natural 
constant-speed characteristic (except the eddy-current clutch) 
with a maximum load capability. The eddy-current clutch has 
a natural constant-torque characteristic. 

Adjustable-Voltage Drives Without Field Control—The ad- 
justable-voltage drive has been available for many years 
using motor-generator power supplies, and very recently using 
reactor-semiconductor power supplies. This drive has a 
natural constant-speed characteristic with a constant-torque 
capability. That is, the torque requirements must not exceed 
a given amount, regardless of operating speed. Adjustable- 
voltage drives are easily operated over an 8-to-1 speed range 
in their simplest form, and greater speed range can be obtained 
with some alteration. On a processing range, any number of 
motors can be operated together on a load-sharing basis over 
a speed range. These motors can be regulated to hold speed 
relationships or to hold torque over the operating range. 
Thread or jog speeds are obtainable at points as low as 2 
percent of top operating speed. 

The most attractive qualities of the adjustable-voltage 
drive are the ability to absorb power during deceleration when 
the motor-generator power supply is used, and to operate 
multi-motor processing drives over a speed range. The char- 
acteristics of such drives allow the motors to work together, 
using inherently flat speed-load characteristics or with only 
minor control influence exerted by a regulator. 

Relatively speaking, the adjustable-voltage drive is fairly 
expensive in first cost, and its efficiency is reduced by the 
chain of machines that the power must transfer through (i..e, 
a-c motor, d-c generator, and d-c motor). The efficiency of 
the adjustable-voltage drive is nearly constant over one-half 
speed, but it is limited to about 70 percent maximum by 
the chain of the three machines. In machines above 200 hp, 
efficiency of the system is improved since each machine has an 
efficiency of over 90 percent. 

Adjustable-Voltage Drive With Motor Field Control—The 
increased speed range obtained with motor field control is a 
variation of the adjustable-voltage drive previously de- 
scribed. Comparing motors at the same top speed value, the 
speed range achieved by field control results in an increase in 
the d-c motor drive size proportional to the increase in speed 
range above full field. This increased speed range is at con- 
stant-horsepower and reduced torque values. Thus, the drive is 
capable of delivering constant torque up to full-field speed of 
the d-c motor, and constant horsepower above. 

Common applications of the adjustable-voltage drive with 
field weakening include machine tools and others where the 
torque requirements are reduced at higher speeds. For exam- 
ple, a washer in the paper industry can be operated up to 
about 50 percent of maximum speed at high vacuum, and at 
lighter vacuums above 50 percent speed. This mode of opera- 
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tion makes the adjustable-voltage d-c drive with 2-to-1 range 
at constant horsepower suitable for the application. 

A good example of a constant-horsepower drive as part 
of a multi-motor drive system is found in the textile slasher. 
In this drive, yarn is sized, dried, and wound on a loom beam. 
The warp yarn must be wound on the beam so that it can be 
easily pulled off at the loom for weaving. Ideally, the yarn 
is wound with a constant or decreasing tension as the loom 
beam builds up. The loom beam pulls against a set of pull 
rolls. The beam is driven by an adjustable-speed d-c motor. 
The motor is regulated to hold constant or decreasing ten- 
sion as the beam builds up from empty core to full beam 
when operating at a steady linear yarn speed. Constant 
tension is maintained by a regulator, which adjusts the motor 
shunt field according to the diameter to maintain constant 
armature current. At operating speed, the beam motor terminal 
voltage is constant and since, 


_ VoltsxAmps , 
P™ 746 Efficiency 


the beam drive is regulated to hold constant horsepower. 

Rectiflow Drive—The Rectiflow drive system utilizes the 
basic constant-horsepower Kriimer drive system in which the 
secondary power from a wound-rotor motor is rectified and 
applied to a d-c motor on the same shaft. The size of a d-c 
machine and rectifiers is related to the operating speed range. 
For example, if the system is to provide a 2-to-1 speed range, 
the d-c motor must be capable of handling one-half of the 
main motor rating at one-half of its speed, and it will be as 
large in torque capacity as the main motor. 

The advent of semiconductors made the Rectiflow drive 
practical in small sizes. Also, the natural horsepower charac- 
teristics of the drive are desirable for constant-horsepower 
applications such as are required by many machine tools. 
Also, the Rectiflow drive is well suited for driving pumps, 
which require only small speed adjustment. The efficiency re- 
mains high and first cost is favorable even though the unit is 
oversized at lower speed. 

High efficiency over the operating speed range is an out- 
standing feature of the Rectiflow drive. Thé relatively flat, 
natural speed-load characteristic is useful when good regu- 
lation is needed without use of a regulator. The Rectiflow 
drive has the starting characteristics of an a-c wound-rotor 
motor plus the high starting torque of the d-c drive. 

Because the Rectiflow drive is basically a constant-horse- 
power drive, when applied to a constant-torque load, the full 
capacity of the equipment is not used at reduced speeds. 

Eddy Current Clutch—This drive makes use of the drag 
created by a rotating magnetic field inside a soft iron cylinder. 
Eddy currents are produced in the cylinder and torque is 
exerted according to the strength of the magnetic field. Slip 
loss is proportional to slip rpm. 





TorquexSli 
Slip loss (hp) = “Pp 


When operating at half speed with a constant-torque load, 
50 percent of the motor output is dissipated in heat loss in 
the clutch. Because of high losses at lower speeds, the oper- 
ating cost can be high, especially in continuous-duty, high- 
horsepower sizes where the cost of the power loss is appreciable. 

The eddy current clutch is poorly suited for application 
to drives requiring constant horsepower because it must be 
considerably oversized. For example, consider a 10-hp, 4-to-1 
speed range load requiring constant horsepower. The clutch 
would be operated at one-fourth of its torque capacity at top 
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speed, and at 25-percent speed three times as much power 
would be lost as delivered to the load. 

The best applications for the eddy current clutch are the 
pump or fan characteristic loads, because the inherent charac- 
teristics of the clutch and the requirements of the load are 
well matched. Also, the load falls off rapidly at low speed 
and good operating efficiency is achieved. The eddy current 
clutch can achieve smooth acceleration to a constant operating 
speed, such as required by small processing equipment. 

Mechanical Speed Changers—Mechanical speed changing 
devices include adjustable sheave, V-belt, and chain drives, 
as well as ball- and disc-friction devices. These are theoreti- 
cally constant-horsepower drives with the size of the a-c 
driving motor and the mechanical speed changer selected to 
be compatible. The speed-range and torque capability is lim- 
ited by the mechanical device, and changes up to 10 to 1 are 
available, although 6 to 1 is more normal. 

Usually mechanical speed-changing devices are rated at 
constant-horsepower above the 1-to-1 ratio. Below the 1-to-1 
ratio, they are rated at constant torque. 

Simplicity and availability, as well as low first cost, make 
the mechanical speed changer extremely attractive for small 
drives requiring speed adjustment. On larger sizes, the me- 
chanical speed-changing device becomes impractical because 
of physical limitations of parts. 

Hydraulic Drives—Hydraulic adjustable-speed power trans- 
missions are similar to the adjustable-voltage drive system 
in that an induction motor is used to furnish power to an 
adjustable displacement pump, which in turn supplies power 
to the hydraulic motor. Again, the efficiency of the system is 
affected by three elements in the chain. The efficiency of the 
hydraulic system is also similar to that of the adjustable- 
voltage electric drive system, since the top system operating 
efficiency is about 67 percent. 

The hydraulic system is usually supplied as a constant- 
torque drive using an adjustable-displacement pump to sup- 
ply a constant-displacement motor. Speed of the motor 
varies as the volume of fluid pumped to it, and the output 
volume of the pump varies with displacement. 

A constant-horsepower drive system can be arranged by 
varying the displacement of the motor. The adjustable-dis- 
placement motor is more expensive and complicated than the 
constant-displacement pump, just as the electric drive with 
motor field weakening is more expensive for a given horse- 
power rating than the constant-torque drive. 

The hydraulic system can be adjusted over a large range 
of speed and can be reversed easily. The same amount of 
control circuitry is required as for an electric system with the 
same regulation qualities. 

The chief disadvantage of the hydraulic-drive system is 
the possibility of oil leaks, which result in a safety hazard 
and continuing maintenance. Hydraulic drive accuracy de- 
pends on close mechanical tolerances in the pump, motor, 
and regulating system when used, thus with use and time the 
wearing parts must be replaced to preserve drive accuracy. 


summary 

The types of adjustable-speed drives are numerous. They 
are more costly and more complicated, and thus more difficult 
to select than constant-speed drives. A good approach to 
adjustable-speed drive selection is through matching the 
natural characteristics of drive outputs to load requirements. 
When the inherent characteristics of the drive and the require- 
ments of the machine are well matched, the best drive has 
been selected. . 
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Though the movement of this coupling horn is imperceptible at 20 000 
cycles per second, a drop of water is instantly vaporized by the vibra- 
tional energy. 


High-frequency sound is now being developed into a useful 
and versatile tool for industry. The first important practical 
application of ultrasonics was in sonar systems, which were 
perfected just before World War II. Shortly thereafter, sys- 
tems were developed for detecting flaws in castings, forgings, 
and other products. These are perhaps the most obvious ap- 
plications of ultrasonic energy, because both underwater 
bodies and internal flaws are located by measuring the elapsed 
time between an initial pulse and its reflection. 

When the sound intensity is increased well above that 
needed for detection systems, a whole new area of applica- 
tions arises. For instance, ultrasonic energy can be used to tin 
without flux, weld, drill, clean, speed up chemical reactions, 
and perform a host of other jobs. While these potential appli- 
cations have been discovered since World War II, equipment 
to do these jobs is in various stages of development. For 
instance, at Westinghouse, ultrasonic cleaning tanks have 
moved from the laboratory to the production line; other areas 
of application are in the advanced development stage. 


theory 


The dividing line between sonic and ultrasonic vibrations, 
which occurs at about 17 000 cycles per second, is based on 
the upper limit of the frequency response of the human ear, 
not on basic changes of the wave. 

Fundamentally, a sonic or ultrasonic wave is a deformation 
of a physical medium, consisting of alternate compressions 
and rarefactions that travel through the medium. The 
velocity of the wave depends largely on the physical proper- 
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ties of the material. For instance, in a thin solid rod, the 
velocity of a longitudinal wave is given by the relationship, 
|E 
C= 
Vp 
where E is the modulus of elasticity of the material, and p is 
density of the material. 
Similarly, in a liquid or gas the velocity is given by the 


relationship, G 
J 


c \ p 
where G is the adiabatic compression factor, and p is the 
density. 

The velocity of propagation in most solids ranges from 
7000 to 20 000 feet per second. The velocity changes to some 
extent with temperature, pressure, and with sound intensity. 
The effects of temperature and pressure are most pronounced 
in the case of a gas. 

As in most wave phenomena, the wavelength corresponding 
to a given frequency can be determined directly from the fol- 
lowing equation, ¢ 

—_4 
J 
where c is the velocity of sound, and / is frequency. At a fre- 
quency of 20 kilocycles per second, one wavelength is equal 
to 2.8 inches in water and 11 inches in steel. 

The intensity of a plane longitudinal sound wave in any 

medium is given by the relationship, 
I=k A*f*pc 
where A is the amplitude of vibration, f is frequency, p is 


71 





density, & is the constant of proportionality, and c is the 
velocity of sound in the medium. 

To obtain an acoustic intensity of 100 watts per square inch 
in water at a frequency of 20 kilocycles per second, a displace- 
ment of 2.6X10~ inch is required. However, to produce an 
equivalent intensity in air under standard conditions, the 
displacement must be increased to 1.47 10~* inch because 
the specific acoustic impedance of air is only 1/3000 that of 
water. The specific acoustic impedance is defined by the 
relationship, 

Z= pe 
where p is density of the medium, and c is the velocity of sound 
in the medium. 

Sound waves cannot be propagated through a vacuum as 
can electromagnetic waves. However, they can be attenuated, 
refracted, reflected, or diffracted in much the same way as 
light waves. The amount of sonic or ultrasonic energy that 
can be transmitted through a medium depends largely on the 
physical characteristics of the medium. For instance, a solid 
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Fig. 1 (top)—Components of the electronic generator are 
reduced (center) by using alternating current for a plate 
supply; the 120-cycle envelope (left) does not decrease the 
effectiveness of the magnetostrictive transducer. Standard 
cleaning tanks are made in 1¥%-gallon (right) to 32-gallon 
capacities. Transducers can be fitted on larger tanks, and 
existing tanks can be equipped with submersible units. 


Fig. 2 (right)—The magnetostrictive material vibrates in 
synchronism with current in the winding. The acoustic 
impedance of the spaced laminations (far right), closely 
matches that of the liquid bath. 


Fig. 3 (below)—Comparison of typical transducers. 


(Below, right)—A 20 000-cycle, 25-kw generator and a con- 
trol with four power channels. 
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material will fracture if the repeated stresses set up by the 
zones of compression and rarefaction exceed the endurance 
limit of the material. In a liquid, a phenomenon known as 
cavitation occurs when the sound intensity exceeds a certain 
threshold value. 

Cavitation can be described as the formation and subse- 
quent collapse of minute vapor pockets caused by vibrational 
stresses in the liquid. The collapse of these cavitation bubbles 
can result in localized pressures up to 75000 pounds per 
square inch or higher and localized temperatures up to 20 000 
degrees F. Cavitation effects are extremely useful in a number 
of industrial processes. 


ultrasonic systems 


Both sonic and ultrasonic applications can be classified 
into three categories: those requiring high acoustical energy 
but not cavitation; those requiring high acoustical energy and 
cavitation; and those requiring only small amounts of acous- 
tical energy. 


DIRECTIONS OF VIBRATIC 
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ULTRASONIC APPLICATION CHART 


a 


. Applications requiring substantial amounts of vibra- . 
tional energy but not dependent on cavitation effects: . 
(a) Cutting, grinding, drilling, milling, etc. ° 

(b) Grain refinement in castings . 

(c) Long range sonar ° 

(d) Welding > 

. Applications requiring substantial amounts of vibra- + 
tional energy and dependent primarily on cavitation: - 
(a) Cleaning, degreasing, etc. . 

(b) Electroplating, electrowining, electropolishing, - 


np 


etc. 

(c) Soldering and tinning 

(d) Emulsification of certain immiscible solutions 

(e) Descaling, acid pickling, etc. 

. Applications requiring signal-level power only: 

(a) Flaw detection 

(b) Thickness measurements 

(c) Liquid-level sensing 

(d) Burglar alarms 

(e) Short-range underwater communications and 
detection 
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Systems used in applications requiring high acoustical 


power consist primarily of the following major components: 


the generator, the transducer, and the coupling device. 

The generator converts the 60-cycle power to a high fre- 
quency or to another form that can be used to drive a trans- 
ducer unit. The electronic generator is widely used for this 
purpose; however, the motor-generator set is now being used 
in high-power applications. At a power level of about 25 kw 
or greater, the motor-generator set has a definite cost ad- 
vantage and requires less maintenance. However, the motor- 
generator set is limited at present to a maximum frequency of 
about 20 000 cycles per second; hence, for higher frequencies, 
the electronic generator must be used. 

The electronic generator circuit now used in Westinghouse 
ultrasonic equipment (Fig. 1) involves a minimum number of 
electronic components. Since in most high-power systems, the 
generator represents about two-thirds of the cost of the sys- 
tem, generator simplicity is of paramount importance, and 
with fewer components, equipment reliability is improved. 

The /ransducer unit converts the high-frequency electrical 
energy from the generator to vibrational energy. Most ultra- 
sonic transducer units operate on either magnetostrictive or 
electrostrictive principles, for while a variety of transducer 
types can produce high-frequency vibrations, they are not 
used widely because of technical or commercial reasons. 

The magnetrostrictive transducer usually consists of a 
laminated stack of magnetic metal about which is placed a 
winding, Fig. 2. When an alternating current passes through 
the winding, the magnetostrictive material changes its di- 
mensions in synchronism with changes in the induced mag- 
netic field. The resulting vibrations can then be coupled to the 
work piece by some suitable means. 

A spaced-lamination magnetostrictive transducer has been 
designed especially for the irradiation of liquid baths and can 
be applied to operations such as cleaning, electroplating, de- 
greasing, and pickling. The spaced-lamination construction 
provides an improved acoustical match between the trans- 
ducer and the liquid, considerably increasing the efficiency of 
the magnetostrictive transducer. At the same time, high in- 
tensities can be obtained. Also, the spaced-lamination unit 
can be constructed to irradiate liquid baths having tempera- 
tures as high as 400 degrees F. Because of a high-temperature 
capability and ruggedness, the magnetostrictive transducer 
is suitable for high intensity, process applications, Fig. 3. 


The electrostrictive transducer, in its simplest form, con- 
sists of a block of material such as barium titanate or a 
Rochelle salt that changes its dimension with an impressed 
electric field. The electric field can be established between 
conductive coatings on opposite sides of the block. 

The electrodynamic transducer is used primarily for trans- 
mitting sound energy into air or a gas with a low specific 
acoustic impedance; a typical example is a radio speaker. The 
transducer consists of a movable coil placed in a magnetic 
field so that an alternating current in the coil causes it to 
vibrate. A suitable diaphragm, attached to the coil, serves as 
the radiating element. 

Of somewhat less importance is the electromagnetic trans- 
ducer, which depends upon a magnetic attraction across an 
air gap. Although this type of electromechanical conversion 
is frequently found in relays and similar devices, it is not 
used extensively for the production of high-frequency vibra- 
tions. Both the electromagnetic and the electrodynamic type 
of transducer are more useful at sonic frequencies. 

Another electromechanical transducer, sometimes used to 
radiate sonic energy into a gaseous medium, operates on the 
principle of electrostatic attraction. The electrostatic trans- 
ducer consists of two parallel plates between which an al- 
ternating electric field is established; this creates an alternat- 
ing attractive force to produce the desired vibration. Because 
the spacing between the plates must be quite small, the vibra- 
tion amplitude is limited. 

The jet, whistle, or siren is used in the chemical industry 
for homogenization and emulsification of liquids. For instance, 
dissimilar liquids can be forced through a jet in an unstable or 
fluctuating flow, and cavitation produced by the vibrations 
will homogenize the liquids. These transducers generally op- 
erate in the sonic frequency range; at higher frequencies, the 
efficiency is reduced. 

The coupling horn often is used in conjunction with the 
transducer unit in applications such as cutting, drilling, sol- 
dering, and welding, where large displacements are required 
to provide a high energy level in a small area. The horn serves 
as a mechanical transformer that increases the vibration 
amplitude in proportion to the inverse ratio of the diameters 
of its two ends. Generally, such transformers are one-half 
wavelength long and are tapered to be linear, exponential, 
catenoidal, etc., depending on the transmission characteristics 
desired. If made of a suitable material, these devices are 
highly efficient. 


applications 


The most important high-power application of ultrasonics 
in industry is that of cleaning or degreasing; with ultrasonics, 
cleaning can be done both faster and better. 
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TYPICAL CLEANING APPLICATIONS 


- Removal of dirt and chips from recesses that would 
normally require hand brushing. 

. Removal of small particles from surfaces, such as bear- 
ing races and precision gears. 

. Cleaning electrical components, such as contacts and 
potentiometer slides. 

. Cleaning parts with small holes or crevices, such as 
watch movements and vacuum tube elements. 

. Remote decontamination of radioactive parts. 

. Removal of flux residue or other contaminents from 
printed circuit boards. 

. Removal of scale that forms on metal surfaces during 
heat treatment or other operations. 

- Removal of grease, oil, or buffing compound. 








‘3 
tay 
f? 
| 
= 4 
¢ f ~ 
; : “a. " 
rf ‘# 
} ry % ; > 
hig * 
a 


} 











Ultrasonic tinning baths, now under test, can tin aluminum, ceramics, and 


By subjecting a metal to ultrasonic vibrations during the cast- 
glass without flux or cleaning material. 


ing process, the grain structure can be refined (right), result- 
ing in an improved material. 


Cleaning is accomplished primarily through the effects of 
cavitation. The cavitation implosions occur near the surfaces 
to be cleaned, literally blasting the dirt loose. Because the 
intensity required to produce cavitation decreases rapidly 
with decreasing frequency, down to about 40 kc, most clean- 
ing systems operate in the 20-kc to 40-kc range. Appreciably 
below 20 kc, a larger transducer is required, and the audible 
noise generated is undesirable. 

Ultrasonic energy has been applied experimentally to elec- 
troplating processes, resulting in a decreased plating time, 
often with simultaneous improvement in the quality of the 
plate. However, despite this potential, additional techniques 
have to be developed before ultrasonics is applied to large- 
scale electroplating operations. 

A number of experiments have shown that the acid removal 
of scale can be increased by factors of two to six or more with 
the use of ultrasonic energy. As more suitable equipment for 
high-temperature bath agitation becomes available, this tech- 
nique will be used more extensively. The spaced lamination 
transducer is already being used for such applications. 

The use of ultrasonics in decontaminating radioactive parts 
makes possible remote cleaning before handling by main- 
tenance personnel, and as in the case of most ultrasonic clean- 
ing processes, a substantial reduction in the cleaning time 
can be realized as well as an improvement in cleaning. 

Impregnation of various electrical components can be ac- 
complished through the use of ultrasonic energy, especially 
parts consisting of a laminated structure. Preliminary experi- 
ments indicate that through the use of ultrasonic energy, 
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vacuum equipment normally used in certain impregnation 
processes can be eliminated. 

In the chemical industry, ultrasonics can be used to emul- 
sify immiscible liquids, homogenize liquids and solids, and 
hasten chemical reactions. For instance, water-mercury and 
water-oil emulsions can be produced. Strangely, the mercury 
emulsion requires no cavitation, whereas the oil emulsion 
does. In general, frequencies in the sonic range are more effec- 
tive in these particular processes. 

When a cast material is treated with ultrasonic energy 
during solidification, the grain structure is refined, eliminat- 
ing planes of weakness in the casting, and making the ma- 
terial more susceptible to forging on other working operations. 
Also the segregation of alloy constituents can be reduced, 
producing more uniformity in the alloy, and in some in- 
stances, the melt becomes degassed, making possible a less 
porous, more perfect casting. This technique may allow the 
production of alloys not possible with present methods. 

Ultrasonics has become an important tool in cutting, 
grinding, milling, machining, and drilling operations. In 
these applications, an abrasive slurry generally is deposited 
between the vibrating tool and the work piece. The slurry 
particles, driven by the tool tip, perform the desired chipping 
or cutting operation. This nonrotary motion is ideal for cut- 
ting irregularly shaped holes. 

Experiments show that hard materials that cannot be 
readily drilled by conventional means can be cut by this 
method. Even diamond has been removed at a practical rate 
using a diamond dust abrasive. Other materials that can 
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hen used with a suitable solvent, ultrasonic energy can clean such components as printed- 
uit boards. An in-line ultrasonic cleaning tank, in operation at the Westinghouse tele- 
ion plant, cleans the etch ink from a printed circuit board in about eight seconds. 





be cut include hardened tool steel, carbide steel, ceramics, 
ferrites, germanium, silicon, and various jewel stones. Softer 
materials are not readily cut or drilled by this technique 
because the slurry particles indent or are embedded in the 
soft surfaces. 

Materials such as aluminum and its alloys can easily be 
soldered or tinned with ultrasonics. Cavitation set up by the 
vibrational waves in the solder removes the oxide from the 
surfaces. Once the oxide has been removed, the molten solder 
wets the base material. Both hand gun and dip bath opera- 
tions are now being used. In all cases, the vibrating tool tip 
must be close to the surface, since cavitation intensity cannot 
be maintained for more than one-eighth to one-quarter inch 
from the tool tip. 

Materials can be welded ultrasonically without any auxiliary 
material. The parts to be joined are placed on an anvil; the 
vibrating element is lowered under pressure, and the recipro- 
cating motion of the probe breaks off the oxide layer on the 
surfaces, and produces a pure cold-formed bond. An experi- 
mental seam welder operating on the same principle has also 
been constructed. Ultrasonic or sonic welding is particularly 
useful for joining dissimilar materials, such as copper and 
aluminum, that cannot be welded conveniently by other 
means. Also, thin foils can be joined easily. Generally, one 
of the materials must have a thickness of 0.100 inch or less, 
but the thickness of the second material or component is not 
critical. The soldering, tinning, and welding processes usually 
are accomplished in the 10- to 40-kc range. 

Ultrasonics has been used extensively for flaw detection 
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strips and produces a clean cold-formed bond. 





and instrumentation purposes. The ability of high-frequency 
waves to “see” inside large castings and other solid materials 
makes it extremely useful. The principle is somewhat the 
same as that used in radar systems. The primary difference 
is that sound waves are used rather than electromagnetic 
waves. Frequencies above 500 kc and very low power levels 
are most suitable for this purpose. The high frequency makes 
possible a smaller transducer device, and more important, 
provides better resolution, allowing the detection of smaller 
flaws. In general, as the cross-sectional dimension of the flaw 
decreases below about one-eighth wavelength, detection be- 
comes difficult. 

In addition, sound waves are used in a number of other 
instrumentation operations including depth measurements, 
liquid-level sensing, flow-rate measurements, viscosity meas- 
urements, grain-size measurements, and thickness measure- 
ments. Most of these operations also require the use of a 
high-frequency transducer operating at a very low power 
level. A considerable amount of electronic gear generally is 
required in such systems to present the information in a form 
that can be readily interpreted. 


summary 

The fascinating aspect of ultrasonic energy is that it can 
be applied in many different ways, with completely different 
results. Many new ultrasonic devices are now in the experi- 
mental stage and new applications constantly arise, which is 
a strong indication that ultrasonic energy will become an 
important and useful tool for industry. ° 
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Each wheel of this experimental! ultrasonic seam 
welder vibrates in a flexural motion. The rubbing 
breaks off the oxide layer between the two aluminum 







































































The motor-generator set can 
be air cooled, or water cooled 
by adding heat-exchanger units 
to either side and covering the 
ventilating slot. 
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Field coils, located at 90-degree 
intervals (top), provide a mag- 
netic field for the generation of 
the high-frequency current. A 
maximum or minimum fiux is 
produced (bottom) depending 
on whether the teeth are in or 
out of alignment. As the rotor 
moves, the effect is the same as 
cutting the a-c conductor with 
a magnetic field. 






























































View of the stator and rotor of 
the high-frequency motor-gen- 
erator set. Note the continuous 
a-c winding of the generator. 
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HIGH-FREQUENCY GENERATOR— 
AN UNUSUAL PROBLEM IN DESIGN 


W. B. KYNE 


Motor Engineering Department 
Westinghouse Electric Corporation 
Bufialo, New York 


The use of ultrasonics as a cleaning tool has developed 
a need for a high-power source of alternating current in the 
20 000-cycle range. The logical supply is a high-frequency 
motor-generator set because of the low initial investment 
and high operating efficiency of rotating equipment. The 
development of a motor-generator set to fulfill this need has 
been an unusual design problem; the resultant machine also 
requires the utmost accuracy in manufacturing. 

In rotating power supplies, high-frequency current is 
obtained by varying the flux density on either side of a con- 
ductor. This is accomplished by changing the reluctance in 
the air gap. When the rotor and stator teeth are aligned, 
maximum flux passes through the air gap; when the rotor 
moves so that the teeth are out of alignment, minimum flux 
passes through the air gap. As the rotor tooth moves from 
one position to the next, the effect is the same as cutting 
the a-c conductors with a magnetic field, producing 360 
electrical degrees. Because the a-c winding is in series, the 
voltage produced is the sum of the voltage of each a-c winding. 

Low-frequency inductor generators (960 to 3000 cycles), 
have two stator slots for every rotor tooth. To increase the 
frequency, the number of rotor teeth must be increased. While 
the stator slots ordinarily increase with the number of rotor 
teeth, a point is reached where it is physically impossible to 
increase the number of stator slots. A 10 000-cycle generator 
usually has two stator slots for every three rotor teeth. Even 
with this ratio, it is impossible to cut enough stator slots to 
produce a 20 000-cycle current. Enlarging the diameter of the 
stator, however, is not an economical solution. To circumvent 
this problem, the 20 000-cycle generator was designed with 
two stator slots for every five rotor teeth (see facing page). 

One of the major problems encountered in the design of 
this generator was the manufacturing limitation imposed 
by the necessary small size of the rotor teeth, stator teeth, 
and the air gap. For a given speed and punching diameter, 
the size of the teeth decreases as the frequency increases. 
The frequency of an inductor-type generator is a function 
of the number of rotor teeth and the speed (f= pXs/60, where 
f=frequency, p=rotor teeth, and s=speed). This differs 
from normal rotating machinery (f= pXs/120, where p= the 
number of poles). 

From one rotor tooth of an inductor-type machine, 360 
electrical degrees are obtained, whereas two poles are re- 
quired for the usual synchronous machine. To reduce the 
number of teeth required, the highest practical generator 
speed is used. The generator is driven with a 50-hp two-pole 
induction motor, which rotates at nearly 3600 rpm, on a 60- 
cycle supply. A frequency of 20 400 cycles was selected to 
obtain a number of rotor teeth that would match physically 
and magnetically with the stator. From the above equation, 
this resulted in 340 rotor teeth. 

The width of the rotor tooth varies approximately with 
the diameter of the rotor. Because 340 rotor teeth are re- 
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quired for this generator, a rotor diameter was chosen so that 
the teeth were large enough to be easily manufactured using 
standard methods. 

When a rotor tooth moves from one position to the next, 
one complete cycle is generated. The distance between a point 
on one rotor tooth and a similar point on an adjacent tooth 
is called the tooth pitch. Because the number of teeth had 
been determined from requirements of speed, the rotor diam- 
eter was selected to comply with manufacturing limitations. 

The determination of the tooth width, however, presents 
a paradox; it is a compromise between the width that will 
give the maximum flux variation and the width that will 
give the maximum flux. The narrow tooth gives the largest 
variation and the minimum flux, while the wide tooth gives 
the maximum flux and the minimum variation. This paradox 
is resolved by making a flux plot of the air gap to obtain the 
maximum and minimum reluctance paths in the air gap for 
the tooth widths and calculating the induced voltages. For 
this generator, a tooth width of approximately one-third 
the rotor tooth pitch gave the best results. Fortunately, this 
can be manufactured with normal procedures. The utmost in 
manufacturing accuracy must still be maintained, because a 
0.01-inch error in mechanical alignment results in a 20-degree 
error in the electrical output. One mechanical degree on the 
rotor surface equals 340 electrical degrees. 

This machine is unique, in that there are no coils, insula- 
tion, slots, and connections like those in most rotating elec- 
trical machines (see facing page). The winding consists of a 
cable threaded through all the slots of the stator. The ends 
of the cable are terminated in the conduit box, and the voltage 
is induced in the cable itself. 

The cable was not used to simplify the winding, but to 
reduce the skin effect of the 20 000-cycle current. The current 
in a conductor of a high-frequency machine tends to travel 
in a portion of the conductor nearest the air gap. The depth 
of penetration in a conductor for a 20 000-cycle current is 
approximately 0.0208 inch. This would considerably increase 
the effective resistance of the generator. 

A cable with numerous strands of copper was selected to 
obtain better distribution of the current throughout the con- 
ductor. The strands are not insulated from each other because 
the contact resistance between strands is sufficient to dis- 
tribute the current in the conductor and keep the copper 
losses low. The strands are also twisted, helping further to 
distribute the current in the slot. Temperature tests show 
that the stranded conductor is satisfactory in reducing the 
skin effect. 

The unit is designed for operation as either a water or 
air-cooled machine. At each end of the m-g set is a heat 
exchanger for water-cooled operation. The heat exchanger 
units are easily removed for conversion to open air-cooled 
operation. The water-cooled units are supplied with a ther- 
mostat for over-temperature protection. « 
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Marion R. Lory decided that he wanted to design motors 
early during engineering school at Colorado State University 
(then Colorado Agricultural College). Although he can’t pin 
his decision on any single incident, Lory suggests that per- 
haps the “‘big 25-hp motor” in the college electrical engineer- 
ing laboratory helped clinch his decision. His fascination for 
large motors has increased over the years, as has the size of 
the motors that he has designed. 

Lory’s choice of Colorado State University was a natural 
one, because his father was its President, and Lory had lived 
on the campus since the age of eight. After graduation in 1927, 
with a BSEE, Lory wanted further education in electrical 
machine design, and selected Massachusetts Institute of Tech- 
nology for his studies; here he obtained an MSEE in 1928. 

Lory came with Westinghouse Jate in 1928 on the Graduate 
Student Course. But much to his dismay, he was originally 
segregated to transformer engineering, primarily because his 
thesis at MIT had been on transformers. However, one of 
Lory’s strongest assets is perseverance—and Lory wanted to 
design motors. His chance came near the completion of the 
Westinghouse Design School when a fellow student, who had 
been assigned to the group where large rotating apparatus was 
designed, decided that he wanted to go back to New England. 
Lory wasted no time in securing the vacated assignment, and 
was placed in the synchronous-motor design section late in 
1929. He has never strayed far from his chosen field. 

Lory’s desire for motor design work soon made itself evi- 
dent. Early in his career, he helped develop methods of cal 
culating synchronous motors and electric couplings. He soon 
built up a store of both theory and application that permitted 
him to design motors with remarkably good performance. 

Twice he designed motors that, at the time, were the largest 
in the world—two 65 000-hp pump motors for Grand Coulee, 
and more recently, the two 83000-hp wind-tunnel drive 
motors for the AEDC at Tullahoma. 

During the war years, Lory was particularly active on 
marine drives. He designed electric drive motors for sub- 
marine tenders, tankers, Coast Guard cutters, and attack 
transports. He helped develop an electric coupling for the 
Navy, and hundreds of these couplings were used on diesel- 
driven merchant ships. 

Good judgment and accuracy are not accidental in Lory’s 
designs. On one occasion, he was called upon to design a syn- 
chronous motor to power the large wood chippers used in 
paper and pulp mills. To find out how a chipper motor should 
best be built, Lory went on a personal tour of inspection of 
West Coast pulp mills. He came back and designed the motor 
that is now widely used throughout the industry. 

Lory was made manager of the synchronous and induction 
motor engineering section in May 1946. He held this job until 
June 1956, when the section was reorganized and Lory became 
manager of a-c motor and generator engineering. The Large 
Rotating Apparatus Department was formed early in 1957, 
and Lory’s responsibilities were further enlarged to include 
large a-c generators and d-c machines when he was appointed 
Department Engineering Manager, his present position. 

As might be expected, most of Lory’s AIEE activities in- 
volve large rotating machinery. He is presently Vice Chairman 
of the Rotating Machinery Committee, and has been chair- 
man of such subcommittees as the Synchronous Machine 
Subcommittee, the Electrical Coupling Subcommittee, and 
the Bibliography and Publications Subcommittee. He is 
presently serving on a working group to revise the test code 
for synchronous machines, and another to develop a guide for 
reviewers of technical papers. He has authored or co-authored 
several Transactions papers, mostly in the area of large motors. 

Many of Lory’s interests away from motor design center 
around two houses. The first, the Lorys’ home outside Pitts- 
burgh, has an interesting association with his native state. 
Lory spent the major portion of his youth in Larimer County, 
which was named in honor of General William Larimer, one of 
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the founding fathers of Denver. The Lorys’ house, built in 
1790, was the birthplace of General Larimer. The house is 
probably one of very few three-story log houses still standing. 
Although now covered with siding, the original house is of 
hand-hewn logs. The house has a tin roof imported from Eng- 
land over one hundred years ago. The Lorys still use a cou- 
ple of the original eight fireplaces. 

With a house of this history, it’s only natural that the Lorys 
are collectors of antique furniture, although Lory chuckles 
when he recalls their first venture. To put it in his words, ‘We 
started ‘collecting’ antiques as a matter of economy, but later, 
with the acquisition of the house, it became a hobby.” The 
Lorys’ collection began shortly after they came to Pittsburgh, 
when Mrs. Lory attended a farm sale with a friend. An old 
chest and bed were on sale, to be sold together. The friend 
wanted the bed, and Mrs. Lory agreed to buy the chest—for 
the sum of $5.00. It wasn’t until an antique dealer later 
offered to buy it that they realized the chest was more than 
temporary storage. They then had the chest refinished, and 
the antique collection was started. 

Lory’s second house, a cabin in Canada, is also unusual, but 
for a different reason. The house resembles a conventional 
small New England farmhouse, built about 1905. But the un- 
usual thing is that the house, built completely of finished 
lumber, is located in the lake region between Lake Superior 
and Lake of the Woods, 40 miles from the nearest road. The 
only route to the house is by boat, which includes a portage 
midway. The house was built by Mrs. Lory’s great uncle for 
his bride, at a cost of some $30,000. Every stick of lumber was 
brought to the site by canoe! 

Lory reaches the cabin by means of a small boat driven by 
a 10-hp outboard. As Lory describes it, going to this cabin is 
really “‘vacationing.” The only way he can be reached is by 
message via one of the “‘bush” pilots in the area. So he has few 
interruptions in his vacation quest for Lake Trout, Northern 
Pike, or Bass. a 
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RESIDENTIAL USE OF ELECTRICITY 


Residential electrical loads have grown at a phenomenal 
rate in recent years. In one five-year period, 1949 to 1954, 
total residential consumption went from 51 billion to nearly 
97 billion kwhr—or a gain of 90 percent. By 1958, consump- 
tion had shot to 170 billion kwhr, for a gain of approximately 
230 percent over 1949. At this rave of increase, industry esti- 
mates for 1968 and 1978 would total 450 billion and 1100 bil- 
lion kwhr respectively! However, a hard look at long range 
estimates made by Westinghouse forecasters indicates that 
this estimate could be optimistic; that actually, the rafe of 
load growth in the residential area may decline. A comparison 
of the two estimates is shown below. 

Population is increasing at the rate of about 8000 people a 
day. That is, by 1978, 55 million more people will have been 
added to our total population. However, population is increas- 
ing at a low rate compared to the growth rate expected in the 
electrical industry. Actually, new customers are increasing at 
a rate of only 10 percent in 10 years, while the Westinghouse 
forecast for the residential load is increasing 134 percent in the 
same 10 years. Hence, population growth will not develop the 
anticipated residential electrical loads. 


residential load breakdown 


The total residential load can be broken down into several 
smaller load blocks; these include lighting, pre-war appli- 
ances, post-war appliances, new products, and electric heating 
and cooling. The forecasts for these blocks for the next 20 
years explain the predicted decline in the rate of load growth. 


Lighting—Lighting will make up about 32 percent of the 
total residential load in 1968—about the same share as in 
1958. This is a large segment, and should stay large because of 
the poor lighting standards in the average home today. The 
forecast will be fulfilled if the homes of this country are 
lighted to half the existing standards in offices and commer- 
cial buildings. Once illumination reaches a pleasing level, 
there will be less demand for higher light levels. Also, the 
efficiency of modern light sources is steadily improving. 

By 1968, home lighting will no longer be able to maintain 
its historic load growth. After that, it will make smaller con- 
tributions—about 28 percent in 1978. 

Pre-War A ppliances—Some of the most numerous of these 
appliances developed prior to World War II, like the refrigera- 
tor, have reached levels of market saturation and must begin 
to fade in importance in building load. Others, like the range 
and water heater, both good load builders, are still low on the 
saturation curve. 

But the fact is that contribution from this group of appli- 
ances to the total residential load will fade to an estimated 48 
percent in 1968 and to 40 percent in 1978—a declining trend. 

Post-War Appliances—Among the major post-war appli- 
ances are television, dryers, room air conditioners, and the fry 
pan. Over the next 10 years, the contribution of these appli- 
ances will increase slightly because of the low saturation of 
some of them, but then turn down again after that period—to 
about 9 percent in 1978. 

New Products—New products can be expected to con- 
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tribute about 4 percent of the residential load in 1968, and 
about 10 percent in 1978. Appliance manufacturers are mak- 
ing increased use of new engineering concepts developed by 
research laboratories. Typical of new appliances now in de- 
velopmental stages at Westinghouse include: carts that both 
heat and cool directly from electricity; an ultrasonic sink that 
washes by means of sound waves; and thermo-refrigerator 
panels that light, heat and cool—all in one. 

However, new load-building appliances probably will be 
added at approximately the same rate as they have been in 
the past. Phenomenally popular items like television, and 
good load builders like air conditioners are rare. 

Electric Heating and Cooling—The electric heating and cool- 
ing block is particularly interesting, since it shows by far the 
greatest growth possibility. As a matter of fact, it is the only 
block that has a continually rising trend line—increasing to 6 
percent in 1968, to 13 percent in 1978. Stated differently, the 
electric heating and cooling trend shows that the number of 
homes that are electrically heated will grow from 500 000 in 
1958 to 2 200 000 in 1968, and to nearly 8 000 000 in 1978. 


importance of home heating 

The electric heating block is strategic for several reasons: 
First, when electric heating is used in the home, electricity is 
the only source of fuel or energy. Second, for many utilities, 
electric heating balances the load from air conditioning in the 


summer. Third, and perhaps most important of all, electric 
heating offers the largest single potential for increased load 
growth. The engineering principles of electric heating are 
known. Space heating especially is easy to apply, easy to in- 
stall, and easy to maintain. 


total electric home 

For the reasons given, the new Total Electric Home pro- 
gram initiated by Westinghouse will emphasize the use of 
electricity for home heating and cooling. 

In the Total Electric Home, electricity does everything. 
Instead of highlighting specific appliances, the model home 
emphasizes complete electrical centers: centers for entertain- 
ment, weather control, food preparation, laundry, and others. 
Working models of the different electrical centers have been 
built, and demonstrated (see p. 79). Where the average home 
today uses about 3300 kwhr per year, the Total Electric 
Home will use 8 to 10 times this amount. 


new engineering principles for appliances 


Certainly, future load growth will be affected by new devel- 
opments in appliances. Several radically new prototype appli- 
ances, including a thermoelectric refrigerator, operating with 
no moving parts, and an ultrasonic dishwasher illustrate the 
use of completely new engineering principles for both conven- 
tional and new appliances. » 
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The Total Electric Home is a concept in 
which electricity does everything, from 
heating and air conditioning to closed- 
circuit television. The home is embodied in 
electric ‘‘centers,’’ as illustrated by the 
WEATHER CONTROL CENTER. From this 
Center, it is possible to actuate heating and 
cooling equipment and to control self-ad- 
justing sun shades and draperies. A precipi- 
tron and germicidal lamp, which eliminate 
pollen and airborne germs, are controlled 
from the Center. For the amateur weather- 
man, the Center has an instrument panel 
that shows wind velocity and direction, 
barometric pressure, inside and outside 
temperatures, and relative humidity. The 
kitchen and the entertainment centers of 
the Total Electric Home are shown on p. 79. 


Although the following products are not 
currently available, they are typical of the 
developmental appliances that will con- 
tribute electrical load in the future. 


The first full size, practical and publicly 
demonstrated THERMOELECTRIC RE- 
FRIGERATOR is shown as a prototype of 
tomorrow’s refrigerators. This fully func- 
tional refrigerator produces cold directly 
from electricity with no moving parts, 
noise, or vibration. Its advanced styling 
translates into visual form the engineering 


and scientific development of the product. 
Resting on sculptured, chrome plated, steel 
legs fifteen inches above the floor, it has 
nine cubic feet capacity accessible through 
“French Type’’ doors. Separate storage 
areas are provided for frozen foods, vege- 
table storage, along with a regular refrig- 
erator compartment. 


A THERMOELECTRIC BOTTLE COOL- 
ER cools or heats a baby’s bottle and has a 
built-in clock timer that makes the entire 
operation automatic. The bottle is kept cool 
until shortly before a pre-selected feeding 
time, when it is heated automatically. 
When the milk reaches desired tempera- 
ture, an alarm rings. The device was de- 
signed to illustrate the possibilities in- 
herent in thermoelectric refrigeration. The 
principle has been known since its theo- 
retical discovery by Peltier in 1834, but re- 
cent Westinghouse developments promise 
to take it out of the laboratory into the 
realm of practicality. 


An ULTRASONIC DISHWASHER washes 
dishes, pots, and pans with high-frequency 
sound waves in water. To provide this revo- 
lutionary dishwashing effect, 60-cycle 
household current is stepped up to 20 000 
cps to activate a transducer, which in turn 
energizes the water. Cleansing action of 


ultrasonic energy is far more penetrating 
than conventional dishwashers. Recent 
engineering laboratory developments have 
made this prototype possible, but additional 
development work is necessary to get costs 
competitive with today’s conventional dish- 
washers. 


Keeping foods fresh and protecting furs 
against moisture damage are just two pos- 
sible applications of a new portable THER- 
MOELECTRIC DEHUMIDIFIER with no 
moving parts. Again, this prototype uses 
the thermoelectric principle to produce 
cold directly from electricity. In size, it is 
only a little larger than a compressor alone 
in standard dehumidifiers. Its designers en- 
vision its use for keeping crackers, potato 
chips and similar items crisp in the cup- 
board, and keeping clothes closets dry in 
humid climates. 


A modified version of a regular 1959 
Westinghouse range has a super-fast Mi- 
CROWAVE OVEN. The large oven of the 
two-oven range is equipped with a magne- 
tron for microwave cooking as well as the 
standard bake and broil electric elements. 
Microwave cooking is extremely fast: Cook- 
ies can be prepared in 190 seconds, cereals 
in 60 seconds, and a complete breakfast in 
60 seconds. 


MICROWAVE OVEN 
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This realistic dining room scene is actually a model setting representing a de- 
signer’s concept of how a new wall panel could be used to beautify the home, 
and also provide lighting, and heating or cooling. The four-by-six foot panels 
combine the latest advancements in electroluminescent lighting, and thermo- 
electric cooling and heating. Patterns or ‘‘mobiles’’ of anodized aluminum are 
superimposed upon an electroluminescent screen. These mobiles provide the 
surface area on the panel for heating or cooling. See story on page 84. 





Left—To give better and faster power cir- 
cuit breaker shipping service, the Pennsy!- 
vania Railroad Company will supply 20 new 
drop-center railroad cars for use by West- 
inghouse. This drop-center car at the com- 
pany’s East Pittsburgh plant contains a 
138-kv power circuit breaker. The car is 
only 18 inches above the rails, a saving of 
two inches over ordinary well-type cars; its 
load space is five feet longer. Clearances of 
these cars will allow day and night move- 
ment on faster freights combined with 
more rapid unloading. 
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This gleaming assembly is part of the throat, or test 
section, of a hypersonic wind tunnel. It is being built for 
the Jet Propulsion Laboratory of California Institute of 
Technology, Pasadena. Scale models of missiles, pro- 
jectiles and aircraft will be tested in the tunnel at 
simulated speeds up to 5940 miles per hour. The vertical 
sections, top and bottom, are parts of powerful jacks 
that will move heavy steel alloy plates to set or alter the 
shape of the test section. Air traveling between 4'2 and 9 
times the velocity of sound will enter the test section 
through the small horizontal slot in the circular metal 
plate, left rear. 
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The answer to air conditioning require- 
ments of a house are recorded on this tape 
(foreground) coming from an electronic 
computer. The computer will scientifically 
analyze over 50 factors affecting the cooling 
needs of a home, and in 24 seconds provide 


the information indicating what size air S COMPONENTS OF GENERALIZED MACHINE LABORATORY SET 


conditioning unitshould be installed. See story 
on page 84. 


This generalized machine laboratory set can simulate a 
wide variety of motors, generators, and motor-generator 
sets, See story on page 84. 
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GENERALIZED MACHINE FOR 
ELECTRICAL ENGINEERING 
LABORATORIES 


A generalized machine for electrical engineering labora- 
tories permits experimental investigation of the performance 
characteristics of all standard rotating electrical equipment 
(page 83). Examples of equipment that can be duplicated 
with this set include: d-c shunt or series motor, d-c separately- 
excited or self-excited shunt generator, polyphase or single- 
phase induction motor, synchronous motor or generator, syn- 
chronous converter, or double-current generator. And in addi- 
tion, specialized machines, such as the Rosenberg generator, 
repulsion motor, d-c induction motor, and universal motor 
can be simulated. Also the steady-state and dynamic char- 
acteristics of d-c to d-c, a-c to d-c, and d-c to a-c motor- 
generator sets can be investigated. 

All of these variations can be accomplished simply by mak- 
ing the proper connections at the terminal strip located on the 
table top. 

The set consists of two direct-current machines, two ta- 
chometer generators, a torque meter, and a generalized ma- 
chine. The generalized machine can be operated as an a-c or 
d-c generator driven by one of the d-c machines; it can be 
used as an a-c or d-c motor, driving one of the d-c machines. 
Thus it is possible to duplicate any situation involving rota- 
ting electrical machinery and to study the static as well as the 
dynamic characteristics of the conversion of mechanical 
energy to electrical energy, or vice versa. 

An etched aluminum schematic diagram of the electrical 
and mechanical components is fixed to the table for perma- 
nent reference. To simplify wiring, all terminal blocks have 
approximately the same physical position relative to each 
other as the machines below. The machine can be supplied 
with either 115 or 230 volts a-c or d-c as required by the 
particular test. 

The original design was made by faculty members at the 
Massachusetts Institute of Technology to demonstrate in the 
laboratory the unity of rotating machinery principles. This 
laboratory course is to parallel a basic study of electricity 
and magnetics, in which different motors, generators, and 
transducers are investigated and explained as variations of 
a mechanical-electrical-magnetic system. 

The final development of this machine was performed by 
Westinghouse engineers. The Westinghouse Educational 
Foundation is now donating a machine to each of the nearly 
150 accredited electrical engineering departments of colleges 
and universities in the United States. . 


HOT-COLD-LIGHT PANEL 


A new wall panel in the developmental stage promises to 
light tomorrow’s home while also providing heating or cool- 
ing. The “hot-cold-light” panel responds to a set of dials, 
which can change its temperature from a low of 55 to a high 
of 120 degrees F, and vary the intensity and color range of 
the light source. 

The versatility of the hot-cold-light panel results from com- 
bining into a single operating unit two of man’s latest tech- 
nological advances—thermoelectric heating and cooling, and 
electroluminescent lighting. 

The light screen shown in the demonstration panel (page 
82) provides a range of hues from blue to blue-green to green. 
Other color combinations, including the entire spectrum, are 
possible. Electroluminescent lighting is produced by exciting a 
phosphor coating with alternating current. This phosphor 
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coating is sandwiched in a panel that is no thicker than a pane 
of window glass. 

Part of the thermoelectric assembly is superimposed in 
artistic designs or ‘‘mobiles” of anodized aluminum in front 
of the electroluminescent screen of the panel. These mobiles 
heat or cool the air of a room. The remainder of the thermo- 
electric assembly is hidden from view behind the glowing 
screen. The thermoelectric effect is accomplished without the 
aid of any moving parts. Thermoelectric refrigeration pro- 
duces cooling in special solid materials directly from the flow 
of an electric current. Heating occurs when the direction of 
current is reversed. 

Controls for the entire panel consist of four dials: one to 
change color combinations; a second to vary the light in- 
tensity; a third to select either heating or cooling; and finally 
a thermostat for automatic temperature control. * 


COMPUTER DETERMINES HOME 
COOLING NEEDS 


How large an air conditioning unit is required by a seven- 
room ranch house, facing northwest, and shaded by a grove of 
oak trees? An electronic computer can analyze the facts about 
this dwelling and in 24 seconds come up with the answers to 
its cooling needs (page 83). 

Known as Warac (Westinghouse Analog Recording Air 
Conditioning Computer), the unit is designed to consider 
systematically over 50 factors that influence the indoor tem- 
perature of a house. The information related to these factors 
is programmed into the computing machine through a set of 
control dials and switches. 

The principle behind the analog computer’s operation is 
that voltage represents temperature, and current is equated 
to the flow or transfer of heat. Capacitors denote the storage 
of heat energy; and resistors are comparable to thermal re- 
sistance. Four basic components make up the Warac com- 
puter: the generator section, analog section, amplifier section, 
and recorder. 

In the generator section of the computer, a knob is preset 
to indicate the effect of the sun’s rays upon the house. To 
provide the computer with this information, the time of year 
and the latitude of the location must be known. Another dia! 
is used to set the direction in which the house faces. A control 
for setting outdoor air temperature is also included in the 
generator section. 

In the analog section, factors taken into consideration in- 
clude the type of structure of the house as represented by the 
windows, floors, walls, ceilings, and roof. Other variables 
accounted for are: amount of insulation, shading on the ex- 
terior walls, wind velocity, ventilation loads, average occu- 
pancy, heat generation from cooking meals, etc. 

The amplifier section has controls to set up the exact area 
in square feet of walls, floors, ceiling, and glass. Here, also, is 
a dial for indicating the desired indoor temperature. 

Once all of these adjustments have been made, the operator 
selects an air-conditioning unit in terms of cooling capacity, 
anywhere from 0 to 110 000 Btu. Then a switch is set for 
either air-cooled or water-cooled unit ratings. A push of a 
button puts the computer into operation. In 24 seconds its 
recorder feeds out a strip of tape containing a chart with a 
record of the actual outdoor and indoor temperatures for the 
house under consideration over a 24-hour period. This tape 
indicates exactly how an air-conditioning unit will perform 
in cooling the home in question. And by varying the factors 
that have been set on the dials, much valuable information 
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can be obtained. For example, it presents a useful means of 
studying what kind of home construction is most economical 
from an air-conditioning point of view. 

By turning up the dial that controls the occupancy of the 
house, for example, it can be ascertained what temperature 
the air conditioning unit will maintain while a number of 
guests are present for a party. The effect additional insula- 
tion would have upon the cooling requirements of a home 
can also be determined. Such changes, which are made in the 
dials on the computer, are reflected on the tape from the 
recorder as it charts the temperature variations in the house 
for a 24-hour period. « 


STEREOPHONIC BROADCASTING 
ON A SINGLE A-M CHANNEL 


A new amplitude-modulated stereophonic broadcasting 
system is different from any yet introduced—but closely 
related to the duplex radio transmission system patented by 
Dr. Frank Conrad, Westinghouse radio pioneer. The stereo- 
phonic signal is achieved by simultaneous amplitude and 
frequency modulation of the carrier. 

The new system provides: (1) excellent compatibility for 
monophonic reception of the stereophonic signal on conven- 
tional a-m receivers; (2) reasonable stereophonic reception 
and reproduction with two conventional a-m receivers; and 
(3) high-quality stereophonic reception and reproduction 
with inexpensive receivers specially designed for the system. 

The new system is compatible with the present Federal 
Communications Commission standards for a-m broadcasting. 
The amplitude modulation is essentially that of the normal 
commercial broadcast band signal; stereophonic information 
is supplied by varying the carrier frequency. The stereophonic 
information is contained in the band from 300 to 3000 cycles 
per second. Therefore, it is practicai to use frequency modu- 
lation for the stereophonic information without interfering 
with adjacent a-m channels. 

Transmission of the a-m and f-m signals is accomplished 
in a manner that permits any standard a-m receiver to pick 
up and reproduce, distortion-free, balanced monophonic 
sound; a stereophonic receiver—with separation circuit and 
multiple speakers—will convert these a-m and f-m signals into 
true stereophonic sound. 

An interesting additional feature of this system is that 
two standard a-m receivers carefully tuned—one to the low 
side of the a-m channel, the other to the high side—and 
placed four to eight feet apart can reproduce reasonable 
stereophonic sound. . 


SILICON RECTIFIERS USED IN 
A-C GENERATOR 


The silicon rectifier has now made a reality of the auto- 
motive engineer’s dream of a compact a-c generator and 
rectifier system that can operate in the high temperatures 
encountered near an automobile or truck engine. As a result, 
the a-c generator will no doubt find more applications, and 
in the future may become a standard item on automobiles, 
because it has many advantages over the present d-c generator. 

On early automobiles, a simple magneto supplied ignition 
power to the spark plugs; starting was accomplished with a 
strong arm; kerosene lamps showed the way at night; and 
radios were unheard of. But as electric starters and lights 
were developed, an electric system became a necessity. Since 
a battery was needed as a storage device, the d-c generator 
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was the logical choice to keep it charged. However as each 
year brought more accessories, such as cigarette lighters, 
and air conditioners, the load on the generator and battery 
continually increased. 

In city driving, the standard generator often does not have 
a chance to replenish the drain on the battery. This condition 
is especially true for delivery trucks and buses, which make 
many stops. 

Thus an increase in generator output at idling speeds and 
an overall increase at all speeds was necessary. This can be 
done with a d-c generator in several ways. For instance, by 
increasing the speed of the generator when the motor is idling, 
the necessary output can be achieved, but during normal 
driving the wear of the brushes becomes excessive. The overall 
output of the generator also can be increased, but this means 
a corresponding increase in size and weight. 

By generating a-c power and then rectifying it for the d-c 
system, many disadvantages can be overcome. The d-c 
generator is essentially an a-c generator with rectification 
supplied by the commutator. In the a-c generator, the wind- 
ings are stationary and the field rotates with current being 
supplied through slip rings. The new device then merely re- 
places the commutator with silicon diodes and slip rings. 
But this change results in many advantages. First, since the 
slip rings have no slots, brush wear is considerably reduced. 
Also, since the a-c generator has a rotating field, only a small 
excitation current passes through the slip rings, further re- 
ducing the wear on the brushes. In addition, a three-phase 
alternator can produce more power per pound than its d-c 
counterpart. And because the a-c generator has no commu- 
tator, it can be run at higher speeds, providing the necessary 
charge to the battery when the motor is idling. 

Automobile manufacturers have always recognized the 
advantages of a-c to d-c power, but the problem has been 
with the conversion. The rectifier had to be static and be 
able to stand the high temperatures near the engine. The 
first devices that gained attention were selenium and copper- 
oxide rectifiers. However to handle the extra currents of the 
a-c generator, these units had to be increased in size until 
they were nearly as large as the generator itself. 

Then several years ago engineers started experimenting 
with silicon diodes. Their size was small, and silicon could 
operate over a wide temperature range. After a few years of 
development work the unit has been reduced in size so that 
now the six rectifiers necessary for the full-wave bridge can 
be located within the generator housing. Presently, silicon 
rectifier a-c generators can produce enough current for the 
most accessorized car on the market. s 







PORTABLE SILICON-RECTIFIBR 
MINE CAR 


Silicon rectifiers rolled down the main haulage tracks of 
a coal mine this year in a portable power supply —the latest 
word in power-conversion equipment for underground mines. 
A 42-inch high, two-car rectifier train can supply the mine 
trolley systems with 500 kw of power. One car contains the 
transformers, the other switchgear and air-cooled silicon 
rectifier cells in a series-parallel arrangement to form a bridge- 
type rectifier circuit. 

Silicon rectifiers have a greatly reduced complement of 
auxiliary equipment and less voltage drop than their ignitron 
predecessors. The higher efficiencies that result not only 
effect savings in power, but also greatly reduce the amount 
of cooling air required to ventilate the rectifier. . 
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Distribution transformer load management can provide 
considerable savings because of the great investment in trans- 
former capacity. Load management in this sense does not 
mean controlling load in type and magnitude, but rather that 
transformer ratings and locations should be made most econ- 
omic. Therefore, the determination of individual transformer 
loading, and the use of this information to the best advantage 
is of increasing importance. 


why determine transformer load? 


Broadly speaking, transformer loading has three limita- 
tions: First, there is a thermal limit. If a transformer is loaded 
too heavily, its life will be unduly short. Until recently, this 
was generally the over-riding limitation. Next, there is a volt- 
age limitation. Loading the transformer too heavily will cause 
its regulation to exceed that allowed in the system’s design. 
This can cause the service entrance voltage to be below the 
tolerable limit, resulting in customer dissatisfaction and lost 
revenue. Finally, there is an economic limit. While heavy 
loading means better utilization of invested capital, some 
operating costs increase exponentially with load. Conse- 
quently, beyond a certain load limit it is more economical to 
change out the transformer or split the secondary and install a 
second transformer. 

With the possible exception of the last, the existence of 
these limits has been widely recognized, and attempts have 
been made to avoid exceeding them, since it is all too evident 
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that excessive loading causes trouble. It is, perhaps, less evi- 
dent that awareness of underloading is also important. This 
does not necessarily mean changing out transformers for re- 
placement by smaller rated units, but information on under- 
loading adds to a utility’s store of knowledge on transformer 
loading. This can lead to better use of capacity through better 
selection of transformer size in new installations. 

Improved use of transformer capacity is a logical means of 
lowering transformer investment. Distribution transformers 
represent a large percentage of the total distribution system 
investment. Based on Federal Power Commission statistics 
for 1956, the average ratio of distribution transformer capac- 
ity to generation is about 1.5. Assuming a 7 percent load 
growth and a company with 1 000 000 kw generating capacity, 
105 000 kva of distribution capacity can be expected to be 
added per year. At $20 per kva installed, this amounts to 
$2,100,000 annually. A 10 percent improvement effected by 
better loading practices would save some $210,000 in trans- 
former investment each year. 

On the other hand, increased utilization means increased 
operating costs, which must be balanced against the savings 
in investment. Thus, it is important to decide what the most 
economical loading should be, and to be sure that actual 
loading is compatible with this decision. The latter requires 
a practical means of load checking. 


transformer load determination 


It is most important to properly interpret the term “load.” 
The expression probably most frequently refers to a 15 or 30 
minute peak demand. However, it might mean average load 
or instantaneous peak. Also, other pertinent questions must 
be answered for proper specification of load. Is it a daily, 
weekly, monthly, or annual demand? Is it kw or kva? What 
is the power factor? The importance of these considerations 
will be more apparent in the discussion of the various methods 
of load checking now in use. 

Meters—The simplest method of load measurement is spot 
checking with an indicating ammeter. The spot-check method 
is inexpensive of instrumentation, sufficiently accurate, and 
quick. These advantages are strongly counterbalanced by 








some disadvantages. There is no way of knowing if the 
measurement obtained peak ampere load. No data is obtained 
on peak duration or prior loading. From practical manpower 
considerations, only a limited number of readings can be 
obtained per day. And the time of normally expected peaks 
usually does not conveniently fit working day schedules. 

Thermal demand meters also are commonly used in check- 
ing transformer load for 15 or 30 minute intervals. This 
method does give the equivalent peak demand for an observa- 
tion period, but it does not give any information on peak 
duration, prior loading, load cycle, date, or time of peak. 

Where more detailed information is desired, recording 
ammeters can be used. The meter charts furnish much more 
information than is obtainable by the previously described 
methods, particularly if the survey period is relatively long 
and includes the time of annual peak load. Analysis of the 
charts, however, is extremely laborious. 

Largely as a result of industry’s needs for a meter that 
could conveniently give complete load cycles, a load survey 
recorder has been developed. This was primarily intended for 
use in the study of load characteristics; however, for study 
of transformer loads and load cycles, it is a valuable device. 
The recorder combines a block demand meter and a magnetic 
tape data recorder. Impulses proportional to load and time 
are received by the recorder and recorded on separate tracks 
on that tape. A month’s data from each tape is translated and 
automatically punched on cards by a special IBM translating 
machine. The most obvious advantage of this recorder is the 
elimination of manual chart reading and data reduction, with 
attending increase in speed and accuracy. 

In general, meters are unquestionably the most direct 
method of load checking, and the recording types furnish in- 
formation on the nature of the load cycle and the magnitude 
of the peak load. However, only the load survey recorder 
provides a convenient means of determining load and loss 
factors, which are important considerations in economic load- 
ing. Furthermore, reliance on meters for load monitoring 
presupposes an accurate knowledge of load growth rates 
which, considering the nature of distribution loads, may not 
be obtainable in practice. 


Fig. 1—Digital computer plot of averages of each 
15-minute kilowatt demand for a month’s record 
of a distribution transformer loading. 


Fig. 2—Allowable voltage spread and allocation of 
voltage drop in components of a residential 
feeder. Feeder at full-load conditions except first 
transformer, which is at light load, and first cus- 
tomer, which is at no load. Full-load voltage 
drops allocated to each feeder component are 
indicated at right. 
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Some interesting methods have been recently developed to 
translate load cycles into visual curve form. The use of 
modern high-speed digital computers permits plotting of daily 
load cycles. These load cycles can be analyzed siatistically 
by the computer with monthly averages and standard devia- 
tions plotted as shown in Fig. 1. If desired, the computer will 
search out and print the load cycle for the day with annual 
peak demand or energy output, or other days of interest. 

V oltage-Drop Loading —Heavy loading of distribution trans- 
formers may cause objectionably low service entrance voltage. 
In some systems, this may occur before the thermal or 
economic load limits are reached. Recognizing this, and in 
view of the expense and limited significance of meter check- 
ing, some utilities use voltage drop as a rough means of load 
checking. Customer low-voltage complaints often become in- 
advertent but fortuitous indicators of the need for load relief. 

Care must be taken in discussing voltage regulation as ap- 
plied to transformer loading because of the other circuit ele- 
ments involved. The voltage drop in the transformer is con- 
trolled to a large extent by the drops in the other elements. If 
the transformer is located close to the substation, and all 
services come directly off the transformer, then the trans- 
former can have a proportionately larger drop. Usually, arbi- 
trary voltage drops are assigned to each of the circuit elements 
(primary, secondary, service, and interior wiring) to deter- 
mine the allowable voltage drop in the transformer. 

On overhead distribution systems where the load density is 
not too high, voltage difficulties are usually encountered be- 
fore the thermal limit is reached. Load factor has a lot to do 
with this, of course. For high load factors, the transformer 
can be loaded more nearly to its thermal limit and still main- 
tain good voltage. In general, though, the load factor of a 
residential area is such that transformers are limited by 
voltage rather than current. 

The low impedance of modern transformers has reduced 
transformer voltage drop appreciably. Voltage complaints are, 
therefore, no longer as good an indication of excessive trans- 
former overloading. 

Loading by Energy-Demand Relationship—This method of 
determining transformer loading is not entirely new, informa- 


Fig. 3—This method for determining peak load 
on a distribution transformer from the kilo- 
watthours consumed was developed by the 
Oklahoma Gas and Electric Company. A curve 
of peak diversified demand per residential cus- 
tomer was developed from a 75-customer base 
(a). The nomograph (b) uses this energy- 
demand relationship and the diversity be- 
tween various customer group sizes to de- 
termine the distribution transformer annual 
peak demand. 


tion having been in the published literature since the early 
forties. It is fundamentally an interpretation of statistical 
data, obtained by load sampling from which some degree of 
correlation between demand and energy consumption is ob- 
tained. The method is of considerable current interest, largely 
because new techniques and data-handling methods have be- 
come practical with the advent of high-speed digital computers. 

Three basic approaches are representative of present think- 
ing; these may be called the direct kwhr method, the classifica- 
tion by kwhr method, and the classification of utilization 
devices method. 

In the direct kwhr method, customer meter readings for 
the months of maximum usage or annual totals are assembled 
and combined for each transformer to be checked. Tables or 
charts are used to convert these readings to diversified peak 
demand on the transformer. Development of the conversion 
factors for transposing kwhr to kw demand requires an in- 
dividual analysis by the utility system. A wide dispersion of 
the energy-demand relationship data can be expected, as 
illustrated in Fig. 3a. The utility company that obtained these 
data developed a nomograph (Fig. 3b) that has proved quite 
successful in sizing distribution transformers.' 

In the classification by kwhr method, different ranges of 
energy consumption are established and the demand for each 
customer is correlated with these ranges. The total trans- 
former demand is obtained by the summation of the per- 
customer demands as determined from the correlation. 

In the classification of utilization devices method, data on 
connected loads is used to obtain demand for each customer. 
Diversified demand curves are set up for various load types. 
Total customer demands and thence total transformer de- 
mand are obtained from known or assumed connected loads. 
Customer load types may fall into typical classifications 
ranging from lighting and miscellaneous appliances to light- 
ing, refrigerator, miscellaneous appliances, range, water 
heater, and clothes dryer. 

Each variant of the energy-demand method requires factors 


'“Distribution Transformer Loading from Customers Kwhr Consump- 
tion” by H. Lawyer of Oklahoma Gas and Electric Company. Presented 
at American Power Conference, March 27-29, 1957. 


Fig. 4—Effect of loading on annual operating cost, 
plotted on a per kva basis, of typical distribution 
transformers operating at a 40 percent load factor. 


Westinghouse ENGINEE 














for converting kwhr to kw demand. Hence, accuracy depends 
on these factors, which, in turn, depend on the sampling 
quality. As presently used, the method usually gives a peak 
demand on each transformer, but does not evaluate this peak 
in terms of load and loss factors to give a clear picture of 
thermal or economical loading. Probably this could be in- 
corporated in the data processing to give an equivalent 
thermal or economic peak load with only a moderate increase 
in complexity of processing. 

Loading by Copper Temperature Indicator—For many years, 
self-protecting transformers have been equipped with a signal 
light that indicates attainment of a certain level of thermal 
loading. More recently, similar indicating devices have been 
provided for conventional transformers. 

Originally, these indicators were intended to permit loading 
up to a safe thermal limit, without need for other load check- 
ing. Later, many utilities found that the indications were also 
excellent warnings of impending voltage troubles. Recently, 
the indications have also been found to show attainment of an 
economic level of loading. 

The relationship of signal operation to actual voltage and 
economic load limits depends on many loading and economic 
factors, which may vary among companies, and even within a 
single company. Also, the indicators do not show present load, 
but only attainment of the load level for which they are 
calibrated. On the other hand, the indicators do respond to 
variations in load and loss factors, which most other load- 
checking procedures cannot do. Further, they detect un- 
expected load growth or other deviations from predicted load 
pattern on individual transformers. Thus, it seems probable 
that sufficiently good correlation will be found in many, if not 
most, cases to permit the use of copper-temperature-actuated 
indicators as load monitors with overall accuracy approaching 
that of other methods, and at lower cost. 


what should the load be? 


Only the utilities can determine the correct transformer 
loading since the optimum practice depends on local load 
patterns and economic and climatic conditions. Thus load 
limits appropriate for a utility in the Pacific Northwest, with 
predominantly hydro generation, may differ from those for an 
oil-burning utility in Florida, and both may be unsuitable for 
a solid-fuel, metropolitan utility in the Midwest. However, 
since there is a substantial effect from rather small changes in 
loading practice on transformer investment, any effort directed 
toward the establishment of more realistic load limits, both 
upper and lower, can pay dividends. 

Thermal Limit—The only existing standard guide for load- 
ing transformers is the “Guide for Loading Oil-Immersed 
Distribution and Power Transformers,” an appendix to ASA 
C57.92. Consequently, this document has been and still is 
widely used as the basis for setting thermal limits on loading 
of transformers of all sizes, makes, and ages. There is con- 
siderable evidence, however, that the recommendations of 
this guide are unduly conservative for distribution trans- 
formers, particularly of recent manufacture. 

Until a more realistic guide is established for loading, load- 
ing up to the level that actuates the signal in self-protecting 
transformers, or those provided with equivalent copper- 
temperature-actuated indicators, should be conservative but 
higher than the rather arbitrary limits now commonly used. 

Voltage Limit—Limits on permissible voltage variation are 
fairly well established and these, in turn, limit the load that 
can be supplied over a given distribution circuit once it has 
been installed. The distribution transformer accounts for only 






a part of the total voltage drop in the circuit. More, approxi- 
mately two-thirds of the total drop, occurs in the primary and 
secondary lines. But the transformers are a major part of the 
total investment in the circuit. Hence, care should be taken 
in the design of the primary and secondary lines to insure that 
voltage drop in these components will not unduly restrict 
utilization of transformer load capability, even after load 
growth has resulted in more or larger transformers. 

It is worth noting that, as the overload capability of some 
distribution transformers has been increased, their voltage 
regulation has been decreased. This means that the heavier 
loads that modern transformers can carry without excessive 
loss of life expectancy do not produce greater voltage drop in 
the transformer than did the lighter loads that older trans- 
formers could carry. 


economic limit 


In the broadest sense, limitations on loading are economic. 
Economic loading can be summarized: 


Cost per kwhr delivered at peak load (L)=(A + BL*)/CL 


where A, B, and C are constants. Constant A includes all cost 
components that are independent of load, such as capital 
costs (interest, taxes, insurance, and depreciation), cost of 
exciting current, and core loss. Constant B includes the cost of 
copper loss and the revenue loss due to regulation, each per 
unit of annual peak load. Constant C is the annual output of 
the transformer, also per unit of annual peak load. Using this 
formula, the annual operating cost of a transformer varies 
with load as shown typically in Fig. 4. 

As indicated, the transformer should be loaded to an 
annual average load between 50 percent and 125 percent of 
nameplate rating for economic operation. It also indicates 
that replacement of the 15-kva transformer by a 25-kva unit 
may be justified when the annual average load on the smaller 
unit approaches its nameplate rating. This will be at a load 
somewhat higher than that at which the curves of Fig. 1 
cross, since the cost of changeout is not included in the curves. 
Establishment of curves like those of Fig. 1, but based on 
parameters appropriate to local conditions, will make it 
possible for any utility to set up loading schedules designed 
to recognize the economic limits on loading. The economic 
penalties for either underloading or overloading are severe, 
and effort spent on such a study should be well worthwhile. 

For most utilities, the most economic loading probably will 
be found to be rather heavy as compared to normal practice. 
For example, with the annual load cycle assumed in calculat- 
ing the data for Fig. 1, annual average load equal to name- 
plate rating means an annual peak load of about double name- 
plate rating. Loading to this level may not be justified on 
units whose load capability has not been verified by func- 
tional testing. 

Another important consideration is the effect of load 
characteristics on the economics of load scheduling. All too 
often, economic studies are based on an arbitrarily selected 
load, which may have little or no resemblance te actual load- 
ing. It is manifestly impractical to consider each transformer 
and its load on an individual basis. Nevertheless, the annual 
load factor, loss factor, and rate of load growth for various 
classes of load can be determined with reasonable effort and 
should be used. The exact shape of the load cycle is imma- 
terial, except that it determines the extent to which copper 
losses contribute to system peaks. Several large utilities have, 
in recognition of these facts, initiated long-time load surveys 
on carefully selected sample transiormers. a 
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Engineers, as consultants or in staff positions, often must 
decide whether to apply steam turbines or electric drives. 
Several particular cases have been published to justify the 
relative solutions; but not one model case can be used to 
simulate every problem. The model case remains model only 
for its own proper conditions and is not comparable with 
another problem. In short, deciding whether to use a steam 
turbine or an electric drive in an industrial plant requires 
an individual analysis for each individual case. 


feasibility of analysis 


An analysis should be based upon proper definition of the 
problem involved. Furthermore, results of the investigation 
should be in sound balance with the analytical effort spent. 
Consider a practical example: Since the preparation, execu- 
tion, and evaluation of an accurate energy-balance study by 
hand methods can require months of engineering time, which 
is perhaps doubled by a succeeding study concerning the 
application of various drive layouts, the investigative efforts 
to be spent should be weighed carefully against the possible 
tangible savings obtainable. 

Assume that the factory cost of a certain product is 100 
percent, and the operating power expenses are 10 percent of 
this 100-percent total cost. The particular machine drive in 
turn takes only 5 percent of the total operating power ex- 
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Left—The multiple-generator sectional pa- 
per machine drive is an example of the elec- 
tric drive in the process industry. The 
multi-motor drive replaces the lineshaft- 
differential gear drive. 


penses. Finally, assume that operation of this machine drive 
could be improved with proper drive selection by 10 percent 
(taking into account such factors as additional capital cost, 
excess profit tax, and efficiencies). The net gain would be: 
1000.10.05 X0.1=0.05 percent. 

This example suggests that for the paper industry, for 
which the above percentages approximately apply, a mill with 
a production of 100 tons daily at a cost of $100 per ton would 
save about $1750 a year—but only while the system remains 
operating at the optimum layout conditions. 

On the other hand, a heat and energy balance study can 
easily cost several times this sum. 


definition of the problem and assumptions 


Several process industries (such as chemical, food, paper, 
and textile) use large quantities of heating steam. Tf steam is 
generated at higher than process pressure, electrical or me- 
chanical power can be generated economically. The question 
is: Should the machine under consideration be driven directly 
by a steam turbine, or should heat energy be converted in the 
powerhouse into electrical energy to drive an electric motor? 
This poses the questions: Does a mechanical turbine drive 
compete economically with an electric drive, and what are 
the drive requirements? 

The principal requirements of a drive and its control can 
be summarized as follows: The drive must meet the opera- 
tional load and speed characteristics of the driven machine. 
This includes a certain steady-state accuracy and appropriate 
transient behavior, if of importance. The drive and control 
should be dependable. The first cost should be compatible 
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left—View of paper machine line- 


aft drive; differential gear boxes maintain 
d ratios between the machine sections. 


right—Mechanical lineshaft turbine 


nd reduction gear for a differential gear 
neshaft installation at the back side of a 
per machine. 


with the objective that has to be met, and finally, the opera- 
tion should be efficient. 

Some essential characteristics of turbines should be con- 
sidered: A turbine is a constant-torque prime mover and 
therefore ideally matches constant-torque applications. A 
steam turbine is also a torque-limiting device, and cannot 
work under overload conditions beyond its rated capacity 
and rpm; this must be considered in engineering application. 
The turbine is a unilateral prime mover; energy can only be 
converted from steam into mechanical energy and the process 
is irreversible. Hence, direct braking of a machine is not pos- 
sible. Larger turbine drive units compare favorably with 
equivalent electric drives in operating cost. On paper-ma- 
chines, larger turbine drives sometimes have to be comple- 
mented by electric helper drives, if the turbine is to drive a 
machine that has more than one indrive to a common load. 
Most turbine drives show rapidly decreasing efficiency at par- 
tial loads and speeds. And finally, because of reduced effi- 
ciency at partial loads, exhaust steam no longer matches 
process steam requirements. 

If the technical drive requirements—such as operational 
characteristics, steady-state accuracies, regulation, transient 
characteristics, maintenance factors, reliability and space re- 
quirements (several of which depend upon judgment) —are 
comparable between the electrical and mechanical drive, the 
investigation becomes an economic problem. 

The installation of any drivé has a definite influence upon 
the steam, mechanical, and electrical energy balance of a 
plant. However, the most economical solution should offer 
minimum total expenses to operate the drive. Total expenses 


are comprised of fuel cost, maintenance, and capital charges 
(interest, taxes, capital return) for the drive. 

Fuel cost is dependent upon the steam and power balance 
in the plant. The effect of a steam turbine or electric drive 
upon the energy balance of the system is best described by a 
general example. 

A steam and electric energy flow diagram typical of an in- 
tegrated kraft pulp and paper mill is shown in Fig. 1. In this 
example, the mill generates all of its electric power. The util- 
ity tie-in provides only for shutdown emergencies and is of 
limited capacity. The powerhouse turbogenerator furnishes 
electric power to the mill system. This power is by-product 
power generated by the extraction steam and supplemented 
by a condensing cycle. 

By-product power generation is limited by process steam 
demand and plant boiler pressure. The total power demand 
frequently exceeds by-product generation volume. The bal- 
ance is made up in a condensing cycle. If the drive installation 
requires power beyond the capacity of the powerhouse, util- 
ity power must be purchased and the tie capacity to the 
power company increased. It is apparent that each step of 
energy conversion has its own cost factor, with by-product 
generation providing the cheapest power. Therefore, the in- 
cremental energy cost rate applicable to a drive installation 
has to be considered. In some cases mixed rates for overlap- 
ping conditions have to be charged. Therefore, energy con- 
version efficiency and economical operation are of utmost im- 
portance to the overall mill efficiency. If more power is gener- 
ated on process steam, less power need be generated in a 
condensing cycle or less power need be purchased. 

For iayout of the mechanical turbine, the following points 
must be considered: A mechanical drive turbine in an indus- 
trial plant is usually a back-pressure unit for economic rea- 
sons. The drive-turbine throttle pressure and the back pres- 
sure are determined by mill layout. The turbine exhaust tem- 
perature may require the installation of desuperheating equip- 
ment to conform to process steam requirements. This can 
also influence the lowest permissible turbine back pressure. 





Fig. 1—Energy flow diagram for a paper mill. 
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Fig. 2—Logical sequence diagram for economic evaluation of a mechanical drive turbine versus an electric drive. 


Steam exhaust pressure and temperature must comply with 
process requirements, and because of speed and load varia- 
tions the exhaust steam quality changes. Steam quantity 
through the turbine is a function of primary throttle steam 
conditions, turbine horsepower and rating, the turbine speed, 
and turbine efficiency throughout the operating range. 

The drive turbine exhausts process steam parallel to the 
powerhouse turbine and competes with the powerhouse in 





steam quality less steam is required for the process. But this 
also affects by-product generation. Less steam is available for 
by-product generation and again more power must be gene- 
rated in the condensing cycle. 

It is evident that an analysis under these conditions can 
become quite cumbersome, and for an accurate solution heat 
rates rather than steam rates should be used. In either case, 
drive efficiency is an important factor because any inefficiency 





effectiveness for best by-product generation. The comparison 
of the turbine versus an electric drive is a substitution prob- 
lem, which can be visualized as follows: The power plant, 
before addition of the machine drive, produces a certain 
amount of by-product and condensing power. If an electrical 
drive is installed, condensing power is added to the system, 
assuming that no by-product capacity is left under constant- 
process steam demand. If a back-pressure turbine is installed, 
powerhouse by-product generation is reduced under constant- 
process steam demand. This is because the drive turbine fur- 
nishes process steam and the equivalent amount of by-product 
power in the powerhouse is deducted. This lost energy must 
be generated in the condensing cycle of the powerhouse. 

In both cases the additional machine drive power must be 
charged at condensing power rates. Steam rates and efficien- 
cies allow direct computation if exhaust steam quality of the 
extraction stage in the powerhouse and exhaust steam quality 
of the drive turbine behind the desuperheater are the same— 
that is, if an indirect type desuperheater is applied and heat 
losses through the cooling water are considered losses. 

In many cases, however, steam is not desuperheated, or a 
spray-type desuperheater is used. Then, because of higher 
steam quality in the exhaust of a less efficient turbine, the 
process steam quality increases and less steam is required by 
the process. In other words, a turbine with lower efficiency 
rejects more heat units per pound, and because of higher 
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is reflected to the powerhouse as an incremental demand to be 
supplied by the condensing cycle. 

Turbine efficiency is important and drive turbine applica- 
tions can be listed in the order of their efficiencies (listing high 
efficiency characteristics first): (a) constant speed, constant 
load; (b) constant speed, variable load; (c) variable speed, 
constant torque. This would suggest that it may be advan- 
tageous in many cases to drive auxiliaries (water pumps, 
vacuum pumps, etc.) by turbines rather than variable-speed 
drives. However, large turbine drives are always economical 
if not operated too often in the reduced speed range. 


solution of the problem in general terms 


The methods of coordinating the different parameters can 
influence the cost comparison of a turbine drive versus an 
electric drive. Expenses in investment and operation should 
be covered in the selling price of the product produced. There- 
fore, the power demand of the machine per unit of product 
must be determined. The installed costs of various drives, 
steam turbine and electrical, must be established and ex- 
pressed in capital charges per unit of product. Electrical drive 
efficiency curves should be developed over a wide range of 
installed horsepower and for partial loads. Turbine steam de- 
mand and heat-rate curves will be necessary for efficiency 
computations. Operational cost curves for the turbine and 
electric drives must be developed and added to capital charges 
for the drive per unit of product. These curves, finally, indi- 
cate the operating economy of different drives. 

A logical sequence diagram (Fig. 2) gives a comprehensive 
concept of the problem involved. This diagram is similar to 
the block diagram used to represent control problems. 

Note the number of independent parameters influencing 
the result with respect to the economy of a particular drive— 
and this can become even more complex. For example, if a 


drive is operated at varying loads and at varying efficiencies, 
costs must be integrated over a yearly basis to warrant accu- 
rate results. Also, some particular conditions in a mill can 
dictate solutions that simply do not fit into this study dia- 
gram. For example, if no powerhouse generator capacity re- 


mains, purchased utility power can supply the electric drive, 
or remaining boiler capacity may permit the installation of a 
turbine drive, when electric capacity is not available. Existing 
equipment or future extension programs also can influence 
decisions. However, to illustrate results that can be obtained 
from an extensive investigation, consider as an example the 
total cost figures of various paper-machine drives as found 
for a certain set of parameters. 

Combined fuel and capital charges for various drives as 
used in the paper industry are shown for full-load conditions 
in Fig. 3. A similar set of curves is given in Fig. 4 for constant- 
torque and half-speed conditions. It is of interest to note that 
the electric drives comprise the cost increment for the main 
turbogenerator, which must be charged to the electric paper- 
machine drive as part of the power conversion units. Note 
the economy of turbo-electric paper machine drives if heat- 
balance problems make this drive desirable. However, any 
change in parameters can change the set of curves consider- 
ably. The parameters of the logical sequence diagram (Fig. 
2) are the main factors influencing the economic evaluation 
of various drives. 

A comparison of full-load with half-load curves gives evi- 
dence that drive efficiencies at partial loads have a marked 
effect upon overall cost. Since many machines operate over 
a wide speed range, full-load cost figures are definitely not 
conclusive and actual cost should be calculated on an inte- 
grated load and time basis. 


Since a great number of independent variables determine 
the solution, an economic study of a machine drive applica- 
tion problem can show satisfactory results only if enough in- 
formation is known. Tangible savings may be small, and in- 
tangible judgment factors relative to personal experience and 
preference can often play a dominant role. The merits and ex- 
penses of an investigation should be compared with the sav- 
ings obtainable before the economic study is undertaken. 
Personal preference and inherent advantages of a particular 
drive will often outweigh marginal economic advantages. §&® 
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Modern industrial control practices locate motor starting, 
regulating, and protective equipment in a common control 
cabinet, which can be positioned adjacent to, or remote from 
the driven machinery. However, because of the many modifi- 
cations in control circuits, brought about either by the re- 
quirements of the particular application or of user preference, 
a truly “standard” control does not exist. Furthermore, each 
modification in the control circuit often means a change in 
enclosure or mounting-panel design. 

To eliminate the design and manufacturing problems 
created by this multitude of designs, engineers have come up 
with a new concept in floor-mounted, general purpose control 
equipment. From only 79 detail parts of a new bolted-en- 
closure design (General Purpose Type B Enclosure) more 
than 200 different sizes of enclosures can be assembled. Com- 
bined with the enclosures are three basic universal steel 
panels, called Unipans, for mounting control components. 
Most control combinations that designers can presently fore- 
see can be assembled with these enclosure and panel compo- 
nents without any additional drilling or other modifications 
of the standard stocked parts. 

The limited number of standardized components makes 
possible several advantages: Quality is improved because the 
small number of detail parts required makes feasible the use 
of precision punching and forming tools; faster delivery 





schedules are possible since preassembly storage of parts is 
practical; also, the time previously required for sheet-metal 
fabrication is eliminated from the processing sequence. 

Prior to the adoption of these new enclosure and panel 
designs, slight modifications to standard equipment required 
special engineering and drafting. In some cases, practically 
all-new designs were required to make relatively simple addi- 
tions. As a result, all orders for large control apparatus re- 
quired special fabrication, starting with the raw steel sheets. 

As a first step in solving the problem, the approach to the 
solution was split into two parts—the enclosure and the 
panels. Before any design work was started, a set of pre- 
liminary standards that covered the basic scope and purpose 
of the enclosure and panels were created. These standards 
were determined by evaluating the apparatus previously de- 
signed and then weighing these standards with a forecast of 
future requirements. 


enclosure design 


The enclosure design was developed first because the 
primary problems concerned the enclosure, and the final panel 
standards are a function of the final enclosure design. Pre- 
viously, all large enclosures of this type were of welded con- 
struction. Preliminary designs of a bolted enclosure revealed 
significant advantages in favor of bolted construction. The 
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fundamental approach was to create a minimum number of 
standard and basic parts, which could be assembled into 
many different combinations to form a relatively large num- 
ber of assembled enclosures. 

Only 79 basic parts plus hardware are required to assemble 
more than 200 different sizes of the Type B Enclosure. These 
sizes vary from a minimum of 76 inches high by 28 inches 
wide by 14 inches deep to a maximum size of 90 inches high 
by 112 inches wide by 56 inches deep. Many of the component 
parts serve at least a double purpose:a right-hand door, when 
turned upside down, becomes a left-hand door; a right-hand 
side, when turned upside down, becomes a left-hand side; two 
narrow sides of equal height can be fastened together to form 
a third side for an enclosure of double depth. 

The panel mounting uprights also contribute to the in- 
creased flexibility of the Type B Enclosure design. The up- 
rights are pierced with rows of mounting holes on modular 
centers and are designed so that components can be mounted 
on both the front and back of the uprights at the same time 
if desired. The uprights can also be positioned at regular 
increments from the inside of the door. This simplifies pro- 
vision for electrical and mechanical clearances and provides 
the spacing necessary for devices, such as circuit breakers, 
which must mount on the panels and be operated by mechan- 
isms mounted on the door. 

The flexibility of the enclosure design permits last minute 
factory and field changes to meet additional specifications. 
This is particularly valuable in those industries where the 
rate of obsolescence is considerably shorter than the life of 
the control. In this situation, the control, or parts of the con- 
trol, from one process line that utilizes the Type B Enclosure 
and Unipans can often be revamped for a new process line. 

The component enclosure parts are small enough to permit 
finishing on a conveyor line with closely controlled cleaning 
and bonderizing, followed by painting and baking of the 
enamel finish. Finish quality is improved through better 





cleaning, bonderizing, and baked enamel. It is also improved 
considerably through elimination of the unpainted hairline 
cracks from lap joints common to a welded assembly. 


Unipan steel panels 


The complement to the enclosure designs are three basic 
and standard pre-punched universal steel panels, or Unipans. 
Almost any controller that consists wholly or in part of a-c 
relays and contactors, transformers, fuses, circuit breakers, 
and switches can be built using these standardized panels. 

From a review of hundreds of existing circuit designs and 
projected future circuit requirements, a list of standard 
devices for use with the Unipans was determined. These 
devices form a set of circuit building blocks that can be used 
to build up many different types of controls. The basic Uni- 
pan panels are punched with a relatively large number of pre- 
cisely located holes so that any of these devices can be 
mounted in several locations to provide an infinite number of 
practical circuits. All of the circuits reviewed can be as- 
sembled without any additional drilling or punching. 

Three panels were designed to make most effective use of 
the enclosure space. The largest panel is 1334 inches high and 
mounts 50- to 150-ampere a-c contactors, circuit breakers, 
autotransformers, and associated relays. The small panel is 
734 inches high and is primarily a relay panel. The third 
panel is the same size as the large 13%4-inch high panel, but 
mounts a specially designed, steel-mounted 300-ampere type 
NF contactor. This panel is suitable for mounting control 
terminal blocks, interposing relays, and electrical and me- 
chanical interlocks, in addition to the 300-ampere contactor. 

Mechanical interlocking between various 100, 150, and 300- 
ampere contactors is available in many combinations. Con- 
tactors rated at 100 and 150 amperes can be interlocked 
horizontally on the same panel or on vertically adjoining 
panels. The 300-ampere contactor can be vertically inter- 
locked to a 100, 150, or 300-ampere contactor on an adjacent 











panel or to another 300-ampere contactor, one panel removed, 
when the top contactor is equipped with overload relays. 

Devices such as large fuses and breakers, which are too 
large to fit on one panel, are mounted on two vertically ad- 
jacent panels. This is also accomplished without additional 
drilling. The first application of Unipans was to standard and 
special-purpose linestarters from 100 amperes to 1350 am- 
peres. Linestarters rated at 100, 150, and 300 amperes are 
built completely on Unipans. Linestarters rated at 600, 900, 
and 1350 amperes have the main contactors on insulated 
panels with the auxiliary control on Unipans. 

By using precision piercing dies, location tolerances on 
devices such as mechanical interlocks are reduced, permitting 
more perfectly aligned assemblies and consequent longer 
mechanical life. Wiring techniques are also improved, since on 
any similar-function Unipan the devices are always located 
in the same position. This permits the use of precabled wiring 
harnesses. The precision locations and improved wiring also 
permit the use of more automatic test facilities, which aid in 
increasing the quality of the apparatus. 


operational features 


Normally, all equipment designs in ratings up to 300 am- 
peres can be completely installed and serviced without access 
to the back of the enclosure. All devices, panels, and trans- 
formers can be removed and replaced from the front. 

The new Type B Enclosure designs have reduced the 
amount of floor area required to a minimum. Specifically, a 





typical old design required a floor area of 560 square inches; a 
comparable new design requires a floor area of only 392 square 
inches, and also can be installed against a wall, since access to 
the back for maintenance or installation is not required. 

New safety features are also incorporated in the Type B 
Enclosure. The No. 11 gauge steel enclosure walls provide 
ample strength for withstanding industrial hazards. The new 
door handles have provision for three padlocks. For example, 
in steel mill applications, the apparatus can be locked in the 
de-energized condition by millwrights, electricians, and safety 
supervisors while related equipment is being maintained. A 
padlock is applied to the control by each person working on 
the related machinery and is removed when their work is com- 
pleted. This prevents the machinery from being inadvertently 
operated during maintenance. The handle assembly can easily 
be made oil tight if required. 

The doors have also been designed with safety in mind. 
The new hinge opens 205 degrees (the old hinge could open 
only 105 degrees) so that doors can be opened far enough to 
eliminate any pockets and permit clearing of the aisle. 

The design flexibility is particularly helpful in making field 
alterations if different control combinations are required at a 
later date. Standardized component design and inherent flexi- 
bility of the Type B Enclosure construction simplify the 
problems of field conversion to meet new requirements. 

Standardized construction also makes possible faster ser- 
vice on outline drawings. Physical size estimates of special- 
purpose control can be made quickly and accurately. . 





This single-depth enclosure has removable rear covers. The center post is easily removable to facilitate 
installation of apparatus. The top right-hand panel is the small Unipan; second panel up from right 
bottom is the 300-ampere Type NF contactor Unipan; all other panels are standard large Unipans. 
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PERSONALITY PROFILES 


M. H. FISHER has written many articles on the 
application of motors and controls in the textile 
and paper industries, and rightly so, for he was 
active in these areas before he became Manager 
of the General Mill Section of the Industrial En- 
gineering Department in 1952. While these two 
are his favorites, he is familiar with the electrifi- 
cation of the rubber, lumber, and other process 
industries. He also worked in the Motor and Con- 
trol Division from 1943 to 1949, so the topic of 
drive selection is a natural with him. 

Fisher is the local committee chairman for the 
National TAPPI Engineering Meeting this Octo- 
ber. He can also be found on the planning com- 
mission in his neighborhood, Forest Hills, helping 
with the long-range building plans of the com- 
munity. On the golf course, he says he is over 95, 


95 percent of the time. His friends agree, but add 
that Fisher’s score rises considerably when his 
son accompanies him as caddy and scorekeeper. 


E. B. WRIGHT graduated from Louisiana Poly- 
technic Institute in 1952 with a BS degree in 
physics. No doubt he possessed a keen apprecia- 
tion of the practical application of the physical 
sciences, having served in the Air Force as navi- 
gator, bombardier, and radar officer from 1943 to 
1948. His theoretical grasp of basic physical phe- 
nomena must also have been sound, as he gradu- 
ated magna cum la 

After graduation, Wright joined Westinghouse 
on the Graduate Student Course, and shortly 
thereafter went to work for the special products 
division. Here, as a member of an analytical 
group, he helped develop fire-control systems, 
and conducted “kill” probability studies for vari- 
ous weapons systems. When the department was 
changed to the New Products Department, 
Wright worked on the development of power 
transistor circuitry. He then moved into the field 
of ultrasonics, developing the space-laminated 
transducer, now used in ultrasonic cleaning 
equipment. In 1956, he was appointed Supervisory 
Engineer in the New Products Department. 

His interest in basic principles is demonstrated 
both by his development work, which crosses the 
boundaries of acoustics, mechanics, and electron- 
ics, and his interest in societies such as the IRE, 
ASA, SIAM, and the Pittsburgh Physical Society. 

R. C. CHEEK, now appearing for the seventh 
time in these pages, has lately been making con- 
tributions at six-year intervals. At the time of his 
last article in 1953, he was Assistant Sales Man- 
ager of the Electronics Division. In 1955, he or- 
ganized and became Manager of the Industrial 
Electronics Department. He is now also a mem- 
ber of the Executive Committee of the Maryland 
section of the AIEE, and a member of the AIEE 
Management Committee. 

His home, which he had just finished in 1953, 
houses a unique shielded room for his amateur 


radio station, W310E. Although he says he no 
longer has enough time for his radio interests, he 
just managed to become the high DX scorer in 
the United States and Canada in the interna- 
tional ham radio competition held during 1958. 


W. B. KYNE must have carefully planned his 
career because after graduating from George 
Washington University with a BSEE in 1942, he 
has been busy ever since designing a-c motors 
and generators. From 1942 to 1945, Kyne worked 
on the Motor Division’s test floor. He was then 
transferred to the Large A-C Motor Section 
where he developed an a-c tachometer that is 
used extensively in automatic drives. He also 
designed the CSP sugar centrifugal motor. His 
latest development, the 20 000-cycle generator, 
was a natural for him—he has worked with high- 
frequency generators since his days on the test 
floor. Kyne is a Member of the AIEE and a 
licensed Professional Engineer in Pennsylvania. 

Kyne maintains an extensive list of outdoor 
activities, which include tennis, golf, skiing, 
square dancing, photography, and the Boy 
Scouts. He has traveled to nearly every state in 
the Union with his wife and five children. Chances 
are good that, in his spare time, he can be found 
studying a map of the Alcan Highway. 


In this issue, R. F. LAWRENCE deviates slightly 
from his favorite subject, high residential dis- 
tribution veltages, to talk about distribution- 
transformer load management. Lawrence has 
been specializing in problems of power distribu- 
tion since 1954, and has been manager of the 
distribution engineering section of Electric Utili- 
ty Engineering since early in 1956. This group is 
responsible for long-range developments, appa- 
ratus applications, and general analyses of power 
distribution problems. 

Lawrence graduated from Pratt Institute with 
a BEE degree in 1943. He joined Westinghouse 
on the Graduate Student Course and was as- 
signed to Electric Utility Engineering. He was 
made a Sponsor Engineer in 1947, and served as 
a consultant to Southwestern utility companies 
and Westinghouse district engineers on many 
power problems. 

He has authored a number of AIEE papers, 
trade magazine articles, and has presented papers 
before many industry associations. But his fa- 
vorite topic for discussion in recent years has 
been higher distribution voltages. Perhaps that 
will be his next subject for these pages. 

Writing about distribution transformers comes 
naturally to A. M. LOCKIE—he has authored or 
co-authored a number of AIEE papers and tech- 
nical magazine articles on distribution trans- 
formers and their application. 

Lockie has devoted a major portion of his time 
to distribution transformers since joining West- 


inghouse in 1936. His first assignment was on the 
development and application of distribution 
transformer protective devices. In 1953, Lockie 
was assigned to the long-range major develop- 
ment section of the Transformer Division. He is 
presently Advisory Engineer in charge of long- 
range development of distribution transformers. 
His work has resulted in a number of patents on 
transformer protective devices. 

Lockie takes an active interest in engineering 
society work. He is a registered engineer and a 
member of the National Society of Professional 
Engineers. He is presently chairman oi the AIEE 
Subgroup on Procedures for Thermal Evaluation 
of Oil-Immersed Transformers. 

He is a graduate of Rensselaer Polytechnic 
Institute with EE and MEE degrees, obtained in 
1931 and 1934. Prior to joining Westinghouse, he 
taught engineering and physics at R.P.I. 


HANNS H. FUEHRER was born in Hamburg, 
Germany. He obtained a German engineering 
education at the Polytechnikum at Friedburg- 
Hessen and went to work for Allgemeine Elektri- 
citaets-Geselschaft in Frankfort. In 1953, Fuehrer 
immigrated to Canada with his family. Here, he 
worked four years as a mechanical and electrical 
engineer in a pulp and paper mill. During this 
period, he also attended Laval University in 
Quebec, and graduated with honors in 1957. 

Fuehrer joined Westinghouse this same year, 
going to the general mill section of the Industrial 
Engineering Department to specialize in the 
paper industry. He is rounding out his education 
with graduate study at the Carnegie Institute of 
Technology. In the course of his travels, Hanns 
has become an accomplished tri-linguist, speak- 
ing English, German, or French with almost 
equal fluency. 


R. D. CLARK, JR. received his BS in Engineering 
from the University of Buffalo in 1950. After 
military service with the Navy in 1950-51 and a 
year with a manufacturer of laminated plastics, 
Clark joined Westinghouse in the Control De- 
partment late in 1952. 

His initial assignment was to improve one of 
the general purpose enclosure designs. This type 

of work continues to take a major portion of his 
engineering effort. Clark has written eight engi- 
neering procedure manuals on such subjects as 
hardware, finishes, tools and dies, and materials 
joining. He is presently assigned to the advanced 
development section of the General Purpose 
Control Department. Clark is-a licensed Profes- 
sional Engineer in New York State. 

Clark’s spare-time activities range from golf, 
hunting, and skiing to bridge, carpentry, and 
model building. Recently, the emphasis has been 
on carpentry—he is remodeling and building an 
addition on his house. 








AT 
MOON 


Asupersensitive TV camera 
operating through a telescope is 
giving astronomers new detailed 
pictures of the moon and planets. 
At bottom is a conventional photo 
of the moon, while photo at top 
shows a view taken through the 
U. S. Air Force’s optoelectronic 
telescope at Wittenberg College in 
Springfield. The electronic photo 
is actually a composite of over 200 
pictures taken through a new 
Westinghouse TV pick-up tube 
that can literally ‘‘see in the dark.”’ 
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